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Zh vwxg| wkh lq xhqfh ri edqn lqvroyhqf| rq frusrudwh uhvwuxfwxulqj lq
d g|qdplf prgho ri edqn uhodwlrqvkls1 Xvlqj d srruo| ghyhorshg edqnlqj
whfkqrorj| rxu prgho vkrzv wkdw edqn lqvroyhqf| fdq kdyh d srvlwlyh hhfw
rq upv* lqfhqwlyhv wr uhvwuxfwxuh1 Gxh wr wkh whfkqrorj| hdfk up idfhv
vwudwhjlf xqfhuwdlqw| rq wkh uhvwuxfwxulqj ghflvlrq ri rwkhu upv1 Uhvwuxf0
wxulqj kdv srvlwlyh h{whuqdolwlhv rq uhvwuxfwxulqj lqfhqwlyhv ri rwkhu upv
zklfk pd| fdxvh pxowlsoh htxloleuld zkhuh hlwkhu doo upv ri d jhqhudwlrq
uhvwuxfwxuh ru qr up uhvwuxfwxuhv1 Frruglqdwlrq sureohpv fdq h{lvw lq
hdfk shulrg1 Wkh rswlpdo h{whqw ri frruglqdwlrq srolf| ghshqgv rq wkh
uhvwuxfwxulqj frvwv1
MHO0Fodvvlfdwlrq= G<5/ J54/ J67/ 346/ S64/ S67
Nh|zrugv= Wudqvlwlrq hfrqrplhv/ frusrudwh qdqfh/ frusrudwh jryhuqdqfh
￿Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Pxqlfk/ Dndghplhvwu1 42LLL/ ;3:<< Pxqlfk/ Who1=
+7< ;<, 54;3 6565/ Id{1= +7< ;<, 54;3 5:9:/ h0pdlo= fkulvwd1kdlq}Cou}1xql0pxhqfkhq1gh1 Wkh
dxwkru zrxog olnh wr wkdqn Mrkq Erqlq/ Iudq} Ehqvwhwwhu/ Grqdwd Krhvfk/ Lvdehooh Nurqdzlwwhu/
Gdold Pdulq/ Prqlnd Vfkqlw}hu/ Dfklp Zdpedfk dqg vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw|
ri Kdpexuj/ wkh Frqjuhvv ri wkh Hxurshdq Hfrqrplf Dvvrfldwlrq 5333 dqg wkh FHSU2ZGL
Lqwhuqdwlrqdo Frqihuhqfh lq Wudqvlwlrq Hfrqrplfv 5334 iru khosixo frpphqwv dqg vxjjhvwlrqv1
Wkh xvxdo glvfodlphu dssolhv1 Ilqdqfldo vxssruw e| wkh Jhupdq Vflhqfh Irxqgdwlrq wkurxjk
judqw Vfkq7552604 lv judwhixoo| dfnqrzohgjhg1Qrq0whfkqlfdo vxppdu|
Zh vwxg| wkh lq xhqfh ri edqn lqvroyhqf| rq frusrudwh uhvwuxfwxulqj lq d wzr0
shulrg prgho zlwk dv|pphwulf lqirupdwlrq rq wkh surwdelolw| ri dq lqyhvwphqw
surmhfw1 Wkh prgho frqvlvwv ri d fuhglw pdunhw jdph dqg d uhvwuxfwxulqj jdph1
Frqfhuqlqj wkh fuhglw pdunhw jdph wzr glhuhqw w|shv ri lqyhvwphqw surmhfwv duh
glvwlqjxlvkhg= wkh| duh hlwkhu surwdeoh ru qrw1 Rqo| wkh up nqrzv wkh w|sh>
lw lv qrw revhuydeoh wr wkh edqn1 Qdwxudoo|/ wkh dqdo|vlv vwduwv zlwk wkh fuhglw
pdunhw1 Wzr jhqhudwlrqv ri upv duh dvnlqj iru fuhglw= wkh rog upv zklfk qhhg
fuhglw lq erwk shulrgv dqg wkh qhz upv zklfk hqwhu wkh fuhglw pdunhw lq wkh
vhfrqg shulrg1 Krzhyhu/ wkh edqnlqj lqgxvwu| lv qrw zhoo ghyhorshg1 Wkhuh lv qr
vfuhhqlqj whfkqrorj| dqg qr glvwlqfwlrq zkhwkhu d srwhqwldo eruurzhu lq wkh vhfrqg
shulrg lv d qhz up ru dq rog rqh zklfk kdv ehhq uhmhfwhg e| wkh lqfxpehqw edqn1
Frqvhtxhqwo|/ lq wkh vhfrqg shulrg wkh upv duh rhuhg d srrolqj frqwudfw zklfk
lpsolhv wkdw wkh rog upv idfh d krog0xs sureohp e| wkh lqfxpehqw edqn dv wkh|
fdqqrw vljqdo wkhlu w|sh wr dq rxwvlgh edqn1 Dv wkh upv dqwlflsdwh wklv sureohp
wkh| duh frpshqvdwhg e| d orzhu lqwhuhvw udwh lq wkh uvw shulrg1 Frpsdudwlyh
vwdwlfv vkrz wkdw wkh vhfrqg shulrg uhsd|phqw ghfuhdvhv zlwk d kljkhu ghjuhh ri
edqn lqvroyhqf|1
Qh{w zh vwxg| wkh uhvwuxfwxulqj jdph1 Ehiruh upv hvwdeolvk d fuhglw uhodwlrq0
vkls wkh| fdq xqghuwdnh frvwo| uhvwuxfwxulqj zklfk lqfuhdvhv wkh suredelolw| wkdw
wkh lqyhvwphqw surmhfw zloo eh surwdeoh1 Wklv ghflvlrq ghshqgv rq wkh h{shfwhg
uhwxuq ri uhvwuxfwxulqj zklfk lv ghwhuplqhg e| wkh lqwhuhvw udwh1 Vxusulvlqjo|/ zh
qg wkdw edqnlqj lqvwdelolw| kdv qrw rqo| d qhjdwlyh exw dovr d srvlwlyh hhfw1
Wkh srvlwlyh dvshfw lv wkdw edqn lqvroyhqf| uhgxfhv wkh uhsd|phqw lq wkh vhfrqg
shulrg dqg wkhuhe| lqfuhdvhv wkh uhvwuxfwxulqj lqfhqwlyh1 Wkh qhjdwlyh lq xhqfh
lv rq rog upv zklfk pxvw sd| d kljkhu uvw shulrg uhsd|phqw dv wkh edqnv kdyh
wr eh frpshqvdwhg iru wkh h{shfwhg orvv ri ixwxuh surw li wkh| ehfrph lqvroyhqw1
Zh fdq vkrz wkdw wkh edqnlqj vhfwru hvwdeolvkhv dq lqwhughshqghqf| ehwzhhq
wkh lqyhvwphqw ghflvlrqv1 Hdfk pdqdjhu ghflghv zkhwkhu wr lqyhvw lq uhvwuxfwxu0
lqj ru qrw1 Wkh sd|r ri wklv lqyhvwphqw ghshqgv rq wkh uhsd|phqw zklfk lv
xqfhuwdlq dv wkh uhvwuxfwxulqj ehkdylru ri wkh rwkhu upv pdwwhuv1 Wkh uhdvrq
lv wkdw rqo| srrolqj frqwudfwv duh rhuhg dqg wkxv wkh vkduh ri jrrg upv gh0
whuplqhv wkh uhsd|phqw1 Wkhuhiruh d up kdv d ehwwhu lqfhqwlyh wr uhvwuxfwxuh li
lw lv rswlplvwlf rq wkh uhvwuxfwxulqj ehkdylru ri doo rwkhu upv1 Krzhyhu/ wkhuh
duh frvwv ri uhvwuxfwxulqj1 Lq wklv sdshu zh ghprqvwudwh wkdw wkh kljkhu wkh frvwv
wkh pruh frpsoh{ duh wkh lqwhughshqghqflhv ehwzhhq wkh uhvwuxfwxulqj ghflvlrqv
ri upv ri glhuhqw jhqhudwlrqv1 Wklv lpsolhv wkdw zlwk kljkhu frvwv h{shfwdwlrqv
rq wkh ehkdylru ri rwkhu upv sod| dq hyhq pruh lq xhqwldo uroh iru wkh uhvxowlqj
htxloleulxp ri wkh uhvwuxfwxulqj jdph1 Li upv duh shvvlplvwlf derxw wkh uhvwuxf0
5wxulqj ehkdylru ri doo rwkhu upv/ wkh hfrqrp| hdvlo| hqgv xs lq dq xqidyrudeoh
htxloleulxp/ zkhuh qhlwkhu rog qru qhz upv uhvwuxfwxuh1 Wkhuhiruh frruglqdwlrq
srolf| lv ghvludeoh wr uhdfk wkh rxwfrph zkhuh doo upv uhvwuxfwxuh1 Rxu dqdo|vlv
srlqwv rxw krz wkh uhvwuxfwxulqj htxloleuld lq glhuhqw shulrgv duh lqwhuwzlqhg dqg
surylghv uhfrpphqgdwlrqv rq wkh h{whqw wr zklfk frruglqdwlrq srolf| lv qhhghg1
641 Lqwurgxfwlrq
Ilupv lq wudqvlwlrq hfrqrplhv idfh d kljkhu ghjuhh ri xqfhuwdlqw| wkdq upv lq
rwkhu frxqwulhv1 Iluvw/ wkh hfrqrplf ghyhorsphqw ri wkhlu frxqwu| lv xqfhuwdlq1
Vhfrqg/ wkhuh lv wkh iudjlolw| ri wkh edqnlqj vhfwru1 Erwk idfwruv duh ri fuxfldo
lpsruwdqfh iru wkh frusrudwh lqyhvwphqw ghflvlrq dv wkh| xvxdoo| lq xhqfh wkh
uhwxuq ri wkh lqyhvwhg ixqgv1 Vlqfh wkh surfhvv ri wudqvlwlrq vwduwhg/ edqnlqj
fulvhv ri glhuhqw lqwhqvlwlhv rffxuuhg lq hdfk frxqwu| lq Hdvwhuq Hxursh +Fdsulr
dqg Nolqjhelho/ 4<<:,1 Wkh lpsdfw ri wkhvh edqn lqvroyhqflhv rq wkh uhdo hfrqrp|
lv vxusulvlqj= Lq pdq| fdvhv edqn idloxuh glg qrw wuljjhu wkh yhu| vhyhuh uhdo0vlgh
glvuxswlrqv w|slfdo ri rwkhu frxqwulhv +HEUG/ 4<<;/ s1 433,1 Rq wkh frqwudu|/
gxulqj wkh edqnlqj fulvhv vrph frxqwulhv frqwlqxhg jurzlqj dw derxw wkh vdph
sdfh dv rwkhu wudqvlwlrq frxqwulhv/ h1j1 Odwyld dqg wkh F}hfk Uhsxeolf +HEUG/
4<<;,1 Krz fdq zh h{sodlq wklv ghyhorsphqwB Rqh srvvleoh h{sodqdwlrq lv= Wkh
dgyhuvh frqvhtxhqfhv +iru rxwsxw dqg jurzwk/ F1K1, duh olnho| wr eh vpdoohu lq
xqghughyhorshg qdqfldo v|vwhpv wkdw duh srruo| lqwhjudwhg lqwr wkh grphvwlf
dqg joredo hfrqrp|1 +Eorpphvwhlq/ 4<<:/ s1 4<,1
Wkh lpsdfw ri edqn idloxuh rq wkh frusrudwh vhfwru kdv vr idu uhfhlyhg olwwoh
dwwhqwlrq lq wkh olwhudwxuh1 Wkh rqo| sdshu lq wklv hog lv e| Jruwrq dqg Zlq0
wrq +4<<;, zkr dujxh wkdw lqvwdelolw| lq wkh edqnlqj vhfwru pd| eh h!flhqw1 Lq
wkhlu prgho edqnv fdq sduwldoo| dssursuldwh vxevlglhv iurp vwdwh0rzqhg hqwhusulvhv
zklfk duh dw wkh vdph wlph ohvv ulvn| eruurzhuv wkdq sulydwh hqwuhsuhqhxuv1 Wkxv
ohqglqj wr sulydwh hqwuhsuhqhxuv lqfuhdvhv wkh edqn*v ulvn wr orvh lwv sulydwh fkdu0
whu ydoxh dv lw ehfrphv lqvroyhqw zlwk d kljkhu suredelolw|1 Wkh dxwkruv frqfoxgh
wkdw qhz edqnv vkrxog hqwhu ehfdxvh wkh| whqg wr ohqg wr +sulydwh, upv wkdw
gr qrw |hw kdyh d ohqglqj uhodwlrqvkls dqg 0 e| hqwhulqj wkh pdunhw 0 uhgxfh wkh
fkduwhu ydoxhv1
Wkhuh duh wzr rwkhu vwudqgv lq wkh wkhruhwlfdo olwhudwxuh zklfk wklv sdshu lv
uhodwhg wr1 Wkh uvw vwudqg lv wkh up0edqn uhodwlrqvkls ehfdxvh upv frxog eh
lq xhqfhg e| edqn idloxuh li wkh| kdyh exlow xs d orqj0whup edqn uhodwlrq1 Vkdush
+4<<3, dujxhv wkdw dq lqfxpehqw edqn jdlqv vxshulru lqirupdwlrq rq lwv fxvwrphuv
dqg wkhuhiruh kdv prqrsro| srzhu rq lwv ehwwhu0shuiruplqj fxvwrphuv li wzr0
shulrg frqwlqjhqw frqwudfwv duh qrw hqirufhdeoh1 Wklv lpsolhv wkdw wkh lqfxpehqw
edqnv kdyh pruh lqirupdwlrq wkdq rxwvlgh edqnv1 Ghoo*Dulffld hw do1 +4<<<,
vkrz wkdw wkh uhvxowlqj dgyhuvh vhohfwlrq sureohp ehwzhhq wkh edqnv frqvwlwxwhv
d eduulhu wr hqwu| lqwr wkh edqnlqj pdunhw1
Wkh vhfrqg vwudqg lv rq wkh vwudwhjlf xqfhuwdlqw| zklfk hdfk lqglylgxdo up
idfhv zkhq lw ghflghv rq lqyhvwphqw1 D frpsdudeoh iudphzrun lq d rqh0shulrg
prgho zlwk vsdwldo frpshwlwlrq lv xvhg e| Vfkqlw}hu +4<<<e, zkhuh wkh hhfw ri
7edqn frpshwlwlrq rq up uhvwuxfwxulqj lv vwxglhg1 Khuh/ wkh uhvwuxfwxulqj ghfl0
vlrq kdv srvlwlyh h{whuqdolwlhv= Zlwk pruh uhvwuxfwxulqj wkh lqyhvwphqw surmhfwv
duh pruh surwdeoh1 Wklv lqgxfhv pruh edqnv wr hqwhu wkh pdunhw1 Wkh frvw ri
qdqflqj ghfuhdvhv dqg frqvhtxhqwo| wkh uhvwuxfwxulqj lqfhqwlyh lqfuhdvhv1 Krz0
hyhu/ pxowlsoh htxloleuld fdq dulvh/ rqh zlwk d kljk qxpehu ri edqnv dqg d kljk
ohyho ri uhvwuxfwxulqj dv zhoo dv rqh zlwk d orz qxpehu ri edqnv dqg d orz ohyho
ri uhvwuxfwxulqj1
Rxu sdshu glhuv iurp wkh olwhudwxuh ghvfulehg deryh lq lpsruwdqw dvshfwv1
Lq frqwudvw wr Vkdush +4<<3, wklv prgho lv edvhg rq dq hqirufhdeoh wzr0shulrg
frqwudfw ehfdxvh wkh krog0xs sureohp lv dqwlflsdwhg1 Zkhuhdv Ghoo*Dulffld hw do1
+4<<<, vwxg| pdunhw hqwu| lqwr wkh edqnlqj vhfwru zh irfxv rq wkh h{lw ri edqnv
vlqfh wklv skhqrphqrq lv w|slfdo iru wudqvlwlrq frxqwulhv1 Lq Vfkqlw}hu +4<<<e,
wkh lqwhughshqghqf| ehwzhhq wkh up*v uhvwuxfwxulqj ghflvlrq lv fdxvhg e| wkh
pdunhw hqwu| ghflvlrq ri edqnv1 Krzhyhu/ wklv prghoolqj ri dq lqwhughshqghqf|
vhhpv udwkhu frpsolfdwhg dv lw dovr dulvhv li edqnv rhu srrolqj frqwudfwv1 Lq
wklv sdshu lw lv dujxhg wkdw srrolqj uh hfwv wkh srru edqnlqj whfkqrorj| ehfdxvh
edqnv fdqqrw vfuhhq h!flhqwo| dqg gr qrw kdyh lqirupdwlrq rq wkh fuhglw klvwru|
ri qhz dssolfdqwv1 Wkurxjk wkh srrolqj frqwudfw wkh uhsd|phqw lv ghwhuplqhg
e| wkh dyhudjh txdolw| ri upv zklfk fdxvhv wkh lqwhughshqghqf| ehwzhhq wkh
uhvwuxfwxulqj ghflvlrqv dqg wkxv d frruglqdwlrq sureohp1
Jruwrq dqg Zlqwrq +4<<;, fdq h{sodlq wkh srvlwlyh hhfw ri edqn lqvroyhqf|
rq wkh frusrudwh vhfwru1 Krzhyhu/ wkh| edvh wkhlu dqdo|vlv rq d prgho zlwk gli0
ihuhqw w|shv ri edqnv dqg upv1 Udwkhu wkdq vwxg|lqj wkh lqfhqwlyh vwuxfwxuhv ri
glhuhqw w|shv ri djhqwv wklv sdshu irfxvhv rq wkh hhfwv ri lqirupdwlrqdo dv|p0
phwulhv zklfk duh yhu| vhyhuh lq wudqvlwlrq hfrqrplhv1 Zh dujxh wkdw edqnv duh
hpslulfdoo| wkh prvw lpsruwdqw qdqfldo lqwhuphgldulhv/ exw wkh| gr qrw shuirup
doo wkh wdvnv wkh| duh vxssrvhg wr/ l1h1 hydoxdwlqj fuhglw ulvnv dqg surfhvvlqj
lqirupdwlrq1 Wr dqdo|}h wkh lq xhqfh ri edqn lqvroyhqf| rq frusrudwh uhvwuxf0
wxulqj zh vwxg| d wzr0shulrg prgho lq zklfk upv ghflgh lq hdfk shulrg zkhwkhu
wr uhvwuxfwxuh ru qrw1 Wzr jhqhudwlrqv ri upv duh dsso|lqj iru fuhglw= wkh rog
upv zklfk qhhg fuhglw lq erwk shulrgv dqg wkh qhz upv zklfk hqwhu wkh fuhglw
pdunhw lq wkh vhfrqg shulrg1 Gxh wr wkh edqnlqj whfkqrorj| wkh upv duh rhuhg
d srrolqj frqwudfw lq hdfk shulrg1 Wklv lpsolhv wkdw wkh rog upv idfh d krog0xs
sureohp e| wkh lqfxpehqw edqn lq wkh vhfrqg shulrg1 Dv wkh upv dqwlflsdwh wklv
sureohp wkh| duh frpshqvdwhg e| d orzhu lqwhuhvw udwh lq wkh uvw shulrg1
Vlqfh wkh uhvwuxfwxulqj ghflvlrqv duh lqwhughshqghqw/ upv kdyh d ehwwhu lq0
fhqwlyh wr uhvwuxfwxuh li wkh| h{shfw wkdw wkh rwkhu upv 0 lq wkh vdph ru wkh
qh{w shulrg 0 uhvwuxfwxuh/ wrr1 Wkh vwudwhjlf xqfhuwdlqw| rq wkh uhvwuxfwxulqj
ghflvlrq ri rwkhu upv lv wudqvplwwhg e| wkh edqnlqj v|vwhp/ l1h1 wkurxjk wkh
srrolqj frqwudfwv1 Wkhuhiruh edqn lqvroyhqf| lq xhqfhv wkh frusrudwh lqyhvwphqw
8ghflvlrq1 Wkh lqwhughshqghqf| ri ghflvlrqv ehfrphv pruh frpsoh{ dv wkh uhvwuxf0
wxulqj frvwv lqfuhdvh1 Rxu prgho jlyhv ghwdlohg srolf| lpsolfdwlrqv wr zklfk h{whqw
frruglqdwlrq lv qhfhvvdu| wr uhdfk wkh h!flhqw ohyho ri uhvwuxfwxulqj1
Wklv sdshu frqwlqxhv dv iroorzv1 Lq Vhfwlrq 5 d g|qdplf prgho ri wkh fuhglw
pdunhw lv suhvhqwhg1 Lq Vhfwlrq 6 zh vwxg| wkh hhfw ri vwudwhjlf xqfhuwdlqw| rq wkh
upv* uhvwuxfwxulqj ehkdylru/ fkdudfwhul}h wkh uhvxowlqj htxloleuld dqg frqfoxgh
zlwk uhfrpphqgdwlrqv iru frruglqdwlrq srolf|1 Wkh hhfwv ri edqn lqvroyhqf| rq
frusrudwh uhvwuxfwxulqj duh dqdo|}hg lq Vhfwlrq 71 Lq Vhfwlrq 8 zh frqfoxgh zlwk d
glvfxvvlrq ri wkh dvvxpswlrqv ri wkh prgho/ wkh pdlq uhvxowv dqg lwv lpsolfdwlrqv
iru wudqvlwlrq hfrqrplhv1
51 D wzr0shulrg prgho ri wkh fuhglw pdunhw
5141 Wkh prgho
Lq wklv sdshu zh vwxg| wkh lq xhqfh ri edqn lqvroyhqf| rq frusrudwh uhvwuxfwxulqj1
Iru wklv sxusrvh/ zh uvw ghyhors d wzr0shulrg prgho ri wkh fuhglw pdunhw zkhuh
wzr w|shv ri upv lqwhudfw1 Wkhuh duh upv zklfk duh dfwlyh lq wkh fuhglw pdunhw
iru erwk shulrgv dqg rwkhuv zklfk hqwhu wkh fuhglw pdunhw lq wkh vhfrqg shulrg1
Wkh| zloo eh fdoohg rog dqg qhz upv1 Wkh wrwdo qxpehu ri upv lv qrupdol}hg
wr 1 Lw lv dvvxphg wkdw lq wkh uvw shulrg d vkduh ri > Ef 	>	 upv dqg lq
wkh vhfrqg shulrg d vkduh ri E  > hqwhu wkh pdunhw1 Zh vhw > 'f D wr nhhs
wkh dqdo|vlv dv vlpsoh dv srvvleoh1 Ilupv kdyh wzr glhuhqw w|shv ri lqyhvwphqw
surmhfwv= surmhfwv zlwk d sd|r f dqg surmhfwv zlwk d sd|r ri f1W k hl q y h v w p h q w
surmhfw frvwv U/ lqghshqghqw ri lwv w|sh1 Dv lw lv rqo| h!flhqw wr xqghuwdnh surmhfwv
zlwk sd|r ri f wkh| duh odehohg jrrg/ zkhuhdv wkh rwkhuv duh edg1 Wkh
surmhfwv kdyh wr eh fuhglw qdqfhg dv wkh upv kdyh qr rzq ixqgv1 Wkhuh duh R
jrrg upv dprqj wkh rog upv/ zklfk hqwhu wkh fuhglw pdunhw lq shulrg /d q g^
jrrg upv dprqj wkh qhz upv/ zklfk hqwhu wkh fuhglw pdunhw lq shulrg 21Z h
dvvxph wkdw wkh lqyhvwphqw surmhfwv duh lghqwlfdo lq shulrg  dqg 21 Ixuwkhupruh/
iurp d vrfldo zhoiduh srlqw ri ylhz lw lv h!flhqw wr xqghuwdnh fuhglw qdqfhg
lqyhvwphqw dv Rf  U:f dqg ^f  U:f1
Qrz wkh lqirupdwlrq vwuxfwxuh lv rxwolqhg1 Wkh suredelolw| glvwulexwlrq ri
jrrg dqg edg upv lq hdfk shulrg +R dqg ^, lv revhuydeoh iru wkh edqnv ehiruh
wkh| judqw fuhglw1 Wkh vkduh ri jrrg upv lv ghwhuplqhg e| wkh uhvwuxfwxulqj
ghflvlrq zklfk lv pdgh e| wkh rog +qhz, upv ehiruh shulrg  +2,1 Krzhyhu/ wkh
edqnv fdqqrw h!flhqwo| vfuhhq wkh surmhfwv h{ dqwh dqg wkhuhiruh rhu d srrolqj
frqwudfw wr doo eruurzhuv14 Zh dvvxph wkdw d up fdq jhw fuhglw iurp rqo| rqh
4Dv vrph ri wkh edqnlqj vnloov +h1j1/ fuhglw dqdo|vlv dqg oltxlglw| dqg ulvn pdqdjhphqw,
9edqn1 Gxulqj wkh uvw shulrg uhodwlrqvkls wkh lqfxpehqw edqn ohduqv wkh w|sh ri
wkh eruurzhu ehfdxvh lw jhwv lqirupdwlrq rq wkh up*v exvlqhvv/ h1j1 e| revhuylqj
wkh wudqvdfwlrqv rq wkh up*v dffrxqw1 Lq wklv prgho lw uhfhlyhv d shuihfw vljqdo
rq wkh fuhglwzruwklqhvv1 Exw wkh lqfxpehqw edqn fdqqrw fuhgleo| frppxqlfdwh
wklv lqirupdwlrq wr rwkhu edqnv1 Ixuwkhupruh/ wkhvh rxwvlgh edqnv gr qrw nqrz
zkhwkhu d up lv rog ru qhz zkhq wkh up dssolhv iru fuhglw lq wkh vhfrqg sh0
ulrg1 Wkh dvvxpswlrq frqfhuqlqj vfuhhqlqj dqg wkh lqwhuwhpsrudo vsloo0ryhu ri
lqirupdwlrq pljkw vhhp vwurqj1 Wkh| duh fkrvhq lq wklv zd| lq rughu wr uhqghu
wkh dqdo|vlv dv fohdu dv srvvleoh1 Diwhu wkh uhvxowv ri wkh prgho zlwk wkh vwurqj
dvvxpswlrqv duh suhvhqwhg lw zloo eh vkrzq wkdw d uhod{dwlrq ri wkh dvvxpswlrqv
grhv qrw fkdqjh wkh qdwxuh ri wkh hhfwv exw uhgxfhv wkhlu vhl}h1
Wkhuh duh  e d q n vl qw k he d q n l q jv h f w r uz k l f kf r p s h w hl qE h u w u d q gi d v k l r q 1
Wkh| kdyh vx!flhqw ixqgv wr qdqfh doo surmhfwv1 Lq wkh Lqwurgxfwlrq zh kdyh
vhhq wkdw lqvroyhqf| ri edqnv lv d fkdudfwhulvwlf ihdwxuh lq wudqvlwlrq frxqwulhv1
Zh dvvxph wkdw wkhuh lv d sursruwlrq  ri edqnv zklfk vwd| lq wkh pdunhw dqg
d sursruwlrq E   ri edqnv zklfk ehfrph lqvroyhqw dw wkh hqg ri shulrg 1
Wkxv  fkdudfwhul}hv wkh ghjuhh ri vroyhqf| ri wkh zkroh edqnlqj vhfwru1 Wkh
sursruwlrq ri edqnv wkdw idlo lv h{rjhqrxv1 Wklv fdq eh mxvwlhg e| wkh hpslulfdo
hylghqfh zklfk vkrzv wkdw wkhuh duh pdq| uhdvrqv zk| edqnv jhw lqwr wurxeoh
zklfk fdqqrw +ixoo|, eh lq xhqfhg e| wkh edqnv wkhpvhoyhv15 Qhlwkhu wkh edqnv
qru wkh upv nqrz zklfk edqnv zloo kdyh wr ghfoduh edqnuxswf| ehiruh wkh| vljq
wkh frqwudfw1 Dw wkh wlph zkhq fuhglw lv qhjrwldwhg lw lv qrw revhuydeoh iru wkh
frpshwlqj edqnv zklfk lqfxpehqw edqn ehfdph lqvroyhqw16
uhtxluhg lq d iuhh0pdunhw hqylurqphqw pxvw eh ohduqhg sduwo| e| wuldo dqg huuru/ vrph ri wkh
uhvxowlqj plvwdnhv zhuh xqdyrlgdeoh1 +Kdqvvrq dqg Wrpedn/ 4<<</ s1 54;,1
5Wzr h{dpsohv duh= Wkh plqlpdo fdslwdo uhtxluhphqwv kdyh ehhq lqfuhdvhg e| wkh uhjxodwru|
erglhv vhyhudo wlphv1 Krzhyhu/ vrph edqnv zhuh qrw deoh wr ixooo wkh qhz uhtxluhphqwv/ exw
rqo| vrph ri wkhp kdg wr ohdyh wkh pdunhw1 Lq wkh Edowlfv wkh vxgghq uhprydo ri jryhuqphqw
ghsrvlwv rffdvlrqdoo| fdxvhg vkruw0whup oltxlglw| sureohpv +Kdqvvrq dqg Wrpedn/ 4<<<,1
6Wklv dvvxpswlrq pljkw vhhp yhu| vwurqj1 Zkdw zh zdqw wr fdswxuh lv wkdw edqnv idfh
vkrfnv zklfk fdq uhgxfh wkhlu fdsdflw| wr surorqj fuhglw wr rog upv1 Krzhyhu/ glhuhqw ohqglqj
fdsdflwlhv kdyh lpsruwdqw lpsolfdwlrqv iru wkh pdunhw vwuxfwxuh lq wkh vhfrqg shulrg1 Wkh| duh
vwxglhg lq Ghoo*Dulffld hw do1 +4<<<,1 Dv zh zdqw wr irfxv rq wkh hhfwv ri wkh srru edqnlqj
whfkqrorj| zh xvh wklv vlpsoli|lqj dvvxpswlrq1
:Wkh wlph vwuxfwxuh lv looxvwudwhg lq wkh iroorzlqj jxuh=
Iljxuh 514= Wlph vwuxfwxuh
5151 Frvwv ri qdqflqj
Dv ghvfulehg lq wkh jxuh/ fuhglw lv judqwhg lq wkh ehjlqqlqj ri hdfk shulrg1 Lq
wkh uvw shulrg doo edqnv vlpxowdqhrxvo| dqqrxqfh wkh lqwhuhvw udwh iru wkh rog
eruurzhuv1 Lq wkh vhfrqg shulrg zh dvvxph wkdw edqnv kdyh wzr vhtxhqwldo pryhv1
Lq wkh ehjlqqlqj ri wkh uvw shulrg wkh| vlpxowdqhrxvo| fkrrvh wkh lqwhuhvw udwh
iru qhzo| dsso|lqj fxvwrphuv1 Wkhq wkh| ghwhuplqh dq lqwhuhvw udwh iru wkhlu rog
fxvwrphuv1 Ilupv pryh odvw1 Rog upv ghflgh zkhwkhu wr suhwhqg wr eh d qhz up1
Wkh| fkrrvh wkh orzhvw rhu dqg zh dvvxph wkdw dq rog up frqwlqxhv wr ohqg
iurp wkh lqfxpehqw edqn li lw lv lqglhuhqw ehwzhhq wkh rhuv ri lqfxpehqw dqg
rxwvlgh edqnv1 Wkh jdph lv vroyhg e| edfnzdug lqgxfwlrq1 Zh uvw fkdudfwhul}h
wkh htxloleulxp zkhq edqnv duh rhulqj d fuhglw frqwudfw wr wkhlu rog fxvwrphuv1
Wkhq zh dqdo|}h wkh lqwhuhvw udwh zklfk lv ghpdqghg iurp xqnqrzq upv zkhq
wkh| dsso| iru fuhglw lq shulrg 21 Ilqdoo|/ zh vwxg| wkh lqwhuhvw udwh zklfk wkh
e d q nr  h u vw rr o g u p vl qs h u l r g1 Vroylqj wkh jdph wkh iroorzlqj sursrvlwlrq
frqfhuqlqj wkh lqwhuhvw udwh lv rewdlqhg=
Sursrvlwlrq 41 Lq shulrg 5 doo upv sd| wkh vdph lqwhuhvw udwh/ l1h1 -2 '
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Wkh lqfxpehqw edqn } ohduqv wkh w|sh ri d up gxulqj wkh uvw shulrg ohqglqj
uhodwlrqvkls1 Wkh edqn lv zloolqj wr judqw fuhglw wr jrrg rog upv rqo|/ dv lw lv
qrw h!flhqw wr qdqfh d edg up1 Dv jrrg rog upv fdqqrw fuhgleo| vljqdo wkhlu
w|sh lq shulrg 2/ wkh| idfh d krog0xs sureohp e| wkh lqfxpehqw edqn } zklfk
;ghpdqgv d uhsd|phqw wkdw lv kljkhu wkdq wkh idlu uhsd|phqw U1 Lq htxloleulxp
wkh lqfxpehqw edqn ghpdqgv wkh vdph dv wkh rxwvlgh edqn/ l1h1 -2} ' -2/w k h
jrrg rog up lv lqglhuhqw ehwzhhq wkh lqfxpehqw edqn dqg lwv frpshwlwruv/ dqg
wkh up grhv qrw vzlwfk edqnv1
Lq shulrg 2 wkhuh duh upv zklfk gr qrw uhfhlyh fuhglw iurp wkhlu lqfxpehqw
edqn 0 hlwkhu ehfdxvh wkh lqfxpehqw edqn ehfdph lqvroyhqw ru ehfdxvh lw lv xq0
zloolqj wr ohqg wr edg upv1 Wkhvh upv gr qrw vljqdo wr eh dq rog up ehfdxvh
dq rxwvlgh edqn rhuv wkhp d frqwudfw zlwk d orzhu uhsd|phqw li wkh| suhwhqg
wr eh d qhz up dqg duh srrohg zlwk wkh qhz upv1 Dv edqnv hqjdjh lq sulfh
frpshwlwlrq iru qhzo| dsso|lqj upv dqg upv udqgrpo| fkrrvh d edqn zkhq wkh
rhuv duh htxdo/ zh jhw wkh vwdqgdug uhvxow ri Ehuwudqg frpshwlwlrq zlwk krpr0
jhqhrxv jrrgv= Doo edqnv ghpdqg wkh vdph lqwhuhvw udwh dqg pdnh }hur surw1
Dffruglqjo|/ wkh dyhudjh fuhglwzruwklqhvv ri wkh dsso|lqj upv ghwhuplqhv wkh
htxloleulxp lqwhuhvw udwh1 Wkh srro ri qhz dssolfdqwv frqvlvwv ri doo qhz upv/
wkh rog upv iurp lqvroyhqw edqnv dqg wkh edg rog upv iurp wkh vroyhqw edqnv1
Edqn  ghpdqgv dq lqwhuhvw udwh ri -2￿ lq shulrg 2/ zklfk lv ghwhuplqhg e| lwv
euhdnhyhq frqglwlrq zkhuh wkh frvwv ri udlvlqj ixqgv duh qrupdol}hg wr }hur=
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Wkh edqnv qhhg dq lqwhuhvw udwh ri -2 ' U
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surw ri }hur1 Zh dvvxph wkdw f  -2 iru ;Rc^c dqg wkdw -2 : U
R17
Frpsdudwlyh vwdwlfv vkrz wkdw -2 lqfuhdvhv zlwk / wkh ghjuhh ri vroyhqf|1
Iru d orzhu ghjuhh ri edqn vroyhqf| wklv phdqv= Li edqnv idlo/ wkh vkduh ri jrrg
rog upv dsso|lqj iru fuhglw lq wkh vhfrqg shulrg lqfuhdvhv/ wkh dyhudjh txdolw|
ri ghewruv lqfuhdvhv dqg wkxv wkh uhsd|phqw/ zklfk lv qhfhvvdu| iru wkh edqn wr
euhdn hyhq/ ghfuhdvhv1
7Wklv uvw dvvxpswlrq uxohv rxw fuhglw udwlrqlqj1 Vwljolw} dqg Zhlvv +4<;4, vkrz wkdw lqwhuhvw
udwhv lq xhqfh wkh txdolw| ri wkh srsxodwlrq ri upv zklfk lv dsso|lqj iru fuhglw1 Vlqfh rxu prgho
ihdwxuhv rqo| wzr glhuhqw ulvn w|shv wkhuh duh wzr erxqgdu| vroxwlrqv1 Hlwkhu doo upv uhfhlyh
fuhglw ru qr up uhfhlyhv fuhglw lq wkh vhfrqg shulrg1 Gxh wr wklv vlpsoh iudphzrun wkh hhfw
ri fuhglw udwlrqlqj lv qrw ixuwkhu lqyhvwljdwhg1
Wkh sdudphwhu frqvwhoodwlrqv zklfk zh uhihu wr iru wkh vhfrqg dvvxpswlrq duh vwxglhg lq ghwdlo
lq Sursrvlwlrq 71 Wkh vhfrqg dvvxpswlrq U5 A L
s lv ixooohg iru doo sdudphwhu frqvwhoodwlrqv
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? 31 Dv wkhuh duh pruh jrrg qhz upv wkdq jrrg rog upv wkh uvw
whup lv srvlwlyh1 Gxh wr wklv dvvxpswlrq wkh qhjdwlyh hhfw wkdw edg rog upv uhdsso| lq wkh
vhfrqg shulrg ryhufrpshqvdwhv wkh srvlwlyh hhfw zklfk d kljkhu vkduh ri jrrg qhz upv kdv
rq uhsd|phqw1
<Zkdw duh wkh hhfwv li wkh dvvxpswlrq frqfhuqlqj vfuhhqlqj dqg lqwhuwhpsrudo
vsloo0ryhu ri lqirupdwlrq duh uhod{hgB Iluvw/ ohw wkh edqnv kdyh wkh delolw| wr vfuhhq
wkh upv lq dq h!flhqw pdqqhu1 Lw lv sodxvleoh wr dvvxph wkdw wkh vfuhhqlqj
whfkqrorj| lv qrw shuihfw1 Wklv phdqv wkdw sduw ri wkh jrrg upv duh ghqlhg
fuhglw ehfdxvh ri d zurqj vfuhhqlqj uhvxow1 Ixuwkhupruh/ sduw ri wkh edg upv
uhfhlyh fuhglw ehfdxvh wkh uhvxow ri wkh vfuhhqlqj surfhvv lv zurqj1 Zkdw lv wkh
srsxodwlrq ri upv olnh zklfk uhfhlyh fuhglw lq wkh vhfrqg shulrgB Wkhuh duh
wkh qhz upv zklfk duh vfuhhqhg dv jrrg1 Iurp wkh rog upv wkrvh zlwk dq
lqvroyhqw edqn dsso| dw dq rxwvlgh edqn dqg wkrvh ri wkhp zklfk duh vfuhhqhg dv
jrrg uhfhlyh fuhglw 0 jrrg rqhv dv zhoo dv edg rqhv1 Ixuwkhupruh/ edg rog upv
iurp vroyhqw edqnv dsso| iru fuhglw djdlq1 Dqg vrph ri wkhp uhfhlyh fuhglw dv
wkh vfuhhqlqj whfkqrorj| lv lpshuihfw1 Wkxv frpsduhg wr wkh dqdo|vlv deryh wkh
txdolw| ri upv zklfk uhfhlyh fuhglw lqfuhdvhv dqg wkh jrrg upv kdyh wr qdqfh
rqo| d vpdoohu vkduh ri edg upv1 Krzhyhu/ wkh edvlf sureohp wkdw wkh upv duh
srrohg wrjhwkhu dqg wkdw wkh txdolw| ri rog upv zklfk dsso| iru fuhglw lq wkh
vhfrqg shulrg ghshqgv rq wkh ghjuhh ri edqn lqvroyhqf| uhpdlqv wkh vdph1
Vhfrqg/ dvvxph wkdw wkh fuhglw klvwru| ri rog upv lv revhuydeoh lq wkh vhfrqg
shulrg exw lqirupdwlrq lv qrw shuihfw1 Wklv lv fdswxuhg dv iroorzv= lqirupdwlrq
rq wkh jrrg rog upv lv shuihfw1 Krzhyhu/ d vkduh ri wkh edg rog upv grhv qrw
kdyh d qhjdwlyh hqwu| lq wkhlu fuhglw klvwru|1 Wklv phdqv wkdw doo wkrvh edg rog
upv zklfk kdyh wkh qhjdwlyh hqwu| lq wkhlu fuhglw klvwru| duh ghqlhg fuhglw1 Wkh
rwkhuv zklfk gr qrw kdyh dq hqwu| fdq hlwkhu suhwhqg wr eh jrrg ru suhwhqg wr eh
d qhz up1 Zklfk vwudwhj| wkh| fkrrvh ghshqgv rq wkh glhuhqfh lq uhsd|phqwv
iru rog dqg qhz upv1 Lq fdvh ri lqwhuwhpsrudo lqirupdwlrq vsloo0ryhu wkhuh lv
pruh lqirupdwlrq rq wkh rog upv wkdq rq wkh qhz upv dqg wklv idfw pljkw jlyh
wkh rog upv dq lqfhqwlyh wr dqqrxqfh wkdw wkh| duh rog ehfdxvh wkhq wkh| duh
qrw srrohg wrjhwkhu zlwk qhz upv zkhuh wkh edqnv kdyh ohvv lqirupdwlrq rq wkh
txdolw| ri dq lqglylgxdo up1 Exw wkh rog upv duh vwloo srrohg wrjhwkhu dqg wkhuh
lv d iudfwlrq ri edg rog upv dprqj wkhp1 Gxh wr wklv idfw wkh ghjuhh ri edqn
lqvroyhqf| pdwwhuv= wkh ohvv edqnv ehfrph lqvroyhqw wkh ohvv jrrg upv dsso|
dw dq rxwvlgh up dqg wkh kljkhu kdv wr eh wkh uhsd|phqw1 Wkhvh dujxphqwv
kdyh vkrzq wkdw hyhq zlwk lpshuihfw vfuhhqlqj dqg lqwhuwhpsrudo vsloo0ryhu ri
lqirupdwlrq srrolqj vwloo wdnhv sodfh dqg wkhuhiruh wkh dyhudjh txdolw| ri upv dv
zhoo dv wkh ghjuhh ri edqn lqvroyhqf| sod|v dq lpsruwdqw uroh1
Qrz zh frqwlqxh zlwk wkh uvw shulrg dqg vwxg| krz wkh uhsd|phqw -￿ lv
ghwhuplqhg1
Sursrvlwlrq 51 Lq shulrg  rog upv duh frpshqvdwhg iru wkh krog0xs sureohp
wkh| idfh lq shulrg 5/ l1h1 -￿ ' U
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Wkh krog0xs sureohp lq shulrg 2 lv dqwlflsdwhg lq shulrg 1 Wkh lqfxpehqw
edqn pdnhv }hur surw rxw ri wklv wzr0shulrg uhodwlrqvkls zlwk jrrg rog eruurzhuv/
zkhuh wkh edqn*v sd|r lq shulrg 2 lv zhljkwhg zlwk wkh glvfrxqw idfwru B
￿1W k x v
-￿ 	 U
R/ zkhuh U
R lv wkh uhsd|phqw qhfhvvdu| iru d edqn wr pdnh }hur surw lq
h{shfwdwlrqv lq shulrg 1 U
R lv uhgxfhg e| wkh qhw suhvhqw ydoxh ri wkh surw zklfk
wkh lqfxpehqw edqn pdnhv zlwk lwv rog fxvwrphuv lq shulrg 21 Wkh kljkhu wkh
ghjuhh ri vroyhqf| lq wkh edqnlqj vhfwru / wkh orzhu lv -￿1 Wklv uhvxow lv gxh wr
wzr hhfwv1 Iluvw/ lqfuhdvlqj  lqfuhdvhv wkh uhsd|phqw lq shulrg 2 dqg wkhuhiruh
wkh glvfrxqw lq shulrg  kdv wr eh kljkhu1 Vhfrqg/ zlwk d kljkhu  dq lqglylgxdo
edqn vxuylyhv zlwk d kljkhu suredelolw| dqg wkxv d orzhu uvw shulrg uhsd|phqw
lv hqrxjk wr pdnh }hur surw lq wklv wzr0shulrg uhodwlrqvkls1
61 Vwudwhjlf xqfhuwdlqw| dqg frusrudwh uhvwuxfwxulqj
Vr idu wkh htxloleulxp lqwhuhvw udwhv rq wkh fuhglw pdunhw kdyh ehhq ghulyhg1 Zkdw
zh zdqw wr vwxg| lq wklv sdshu lv wkh lq xhqfh ri wkh fuhglw pdunhw dqg hvshfldoo|
wkh lq xhqfh ri edqn lqvroyhqf| rq frusrudwh uhvwuxfwxulqj1 Iru wklv sxusrvh zh
kdyh wr prgho wkh lqyhvwphqw ghflvlrq1 Hdfk pdqdjhu ri d qhz up fdq lq xhqfh
wkh txdolw| ri wkh surmhfw/ zklfk kh lv jrlqj wr xqghuwdnh/ ehiruh kh dfwxdoo| lqyhvwv
U18 Wkh frvwv dvvrfldwhg zlwk uhvwuxfwxulqj frqvlvw ri wkh uhvwuxfwxulqj hruw ri
wkh pdqdjhu dv zhoo dv rwkhu frvwv1 Li dq rog up/ zklfk hqwhuv wkh fuhglw pdunhw
lq wkh uvw shulrg/ lqyhvwv g lq uhvwuxfwxulqj/ wkh suredelolw| iru wkh lqyhvwphqw
surmhfw wr wxuq rxw jrrg ulvhv iurp R wr R1 Iru d qhz up/ zklfk hqwhuv wkh fuhglw
pdunhw lq wkh vhfrqg shulrg/ lqyhvwlqj  udlvhv wkh suredelolw| iru d jrrg surmhfw
iurp ^ wr ^1 Iru vlpsolflw| zh vhw R ' ^ dqg R ' ^1 Pruhryhu/ wkh uhvwuxfwxulqj ri
dq rog up lq xhqfhv wkh w|sh ri wkh up*v lqyhvwphqw surmhfw qrw rqo| lq wkh uvw
exw dovr lq wkh vhfrqg shulrg1 Dv wkhuh lv d odujh qxpehu ri upv wkh suredelolw|
iru dq lqglylgxdo up wkdw d surmhfw wxuqv rxw wr eh jrrg lv htxdo wr wkh vkduh ri
jrrg upv lq wkh up srsxodwlrq1
Wkh uhvwuxfwxulqj jdph lv vroyhg e| edfnzdug lqgxfwlrq1 Iluvw wkh uhvwuxf0
wxulqj ghflvlrq ri qhz upv lv vwxglhg +714,1 Wkhq lw lv dqdo|}hg krz wkh rog
upv uhvwuxfwxuh +715,1 Dv dq rog up*v uhvwuxfwxulqj ghflvlrq ghshqgv rq wkh
h{shfwdwlrq rq wkh ehkdylru ri doo rwkhu upv/ wkhuh duh lpsruwdqw lqwhudfwlrqv
ehwzhhq wkh uhvwuxfwxulqj jdphv lq wkh uvw dqg wkh vhfrqg shulrg1 Wkh uhvxowv
ri wkh wzr0shulrg jdph zloo eh fkdudfwhul}hg wrjhwkhu +716,1 Qh{w/ srolf| lpsol0
8Lq wkh wudqvlwlrq frqwh{w upv fdq ghflgh wr uhvwuxfwxuh ehiruh wkh lqyhvwphqw surmhfw vwduwv1
44fdwlrqv duh ghulyhg +717,1 Ilqdoo|/ wkh lpsdfw ri edqn lqvroyhqf| rq frusrudwh
uhvwuxfwxulqj lv dqdo|}hg +718,1
6141 Qhz upv
Lw lv h!flhqw iru hdfk pdqdjhu ri d qhz up/ zklfk hqwhuv wkh fuhglw pdunhw lq
wkh vhfrqg shulrg/ wr lqyhvw lq uhvwuxfwxulqj zklfk frvwv  li=9
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+614,
Wkh sd|r ri d jrrg surmhfw lv ghwhuplqhg e| wkh surw f dqg wkh lqwhuhvw
udwh -2 ERc^/ zklfk ghshqgv rq wkh vkduh ri jrrg upv dprqj wkh qhz upv
E^ dqg dprqj wkh rog upv ER zkhuh R lv jlyhq dqg revhuydeoh1 Iru qrwdwlrqdo
vlpsolfdwlrq ghqh {^ ' ^￿  ^
￿1 Ehiruh wkh uhvxow ri wkh uhvwuxfwxulqj ghflvlrq
lv vkrzq/ zh kdyh wr lqvshfw wkh uhsd|phqw lq wkh vhfrqg shulrg -2 ERc^ pruh
forvho|1 Wkh uhsd|phqw lv ghwhuplqhg e| wkh glvwulexwlrq ri jrrg dqg edg upv
lq wkh srsxodwlrq ri rog dqg qhz upv1 Dv wkh lqglylgxdo up lv vpdoo/ lwv rzq
uhvwuxfwxulqj ghflvlrq kdv qr lq xhqfh rq wkh vl}h ri -2 ERc^1 Wkh iroorzlqj
ohppd vkrzv wkh udqnlqj ri wkh frvw erxqgdulhv=
Ohppd 41 D fkdqjh lq wkh vkduh ri jrrg qhz upv kdv d vwurqjhu lpsdfw rq wkh
lqwhuhvw udwh -2 ERc^ wkdq d fkdqjh lq wkh vkduh ri jrrg rog upv/ l1h1 -2
￿ ERc^ 	
-2
2

Rc^

	- 2
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
Rc^

	- 2
e

Rc^

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Surri=
Vhh Dsshqgl{1
Wkh lqwxlwlrq iru wklv uhvxow lv wkdw lq shulrg 2 doo qhz upv dsso| iru fuhglw
dw d edqn zklfk grhv qrw nqrz wkhlu w|sh1 Dprqj wkh rog upv/ zh kdyh wr
glhuhqwldwh ghshqglqj rq zkhwkhu wkh lqfxpehqw edqn vxuylyhv ru qrw1 Jrrg dv
zhoo dv edg rog upv dsso| djdlq lq wkh vhfrqg shulrg li wkhlu lqfxpehqw edqn
zhqw exvw1 Krzhyhu/ li wkh lqfxpehqw edqn vwloo rshudwhv/ rqo| edg rog upv dsso|
dw rxwvlgh edqnv1 Khqfh/ d fkdqjh lq wkh vkduh ri jrrg upv dprqj wkh qhz upv
dv zhoo dv dprqj wkh rog upv zklfk zhuh qdqfhg e| dq lqvroyhqw edqn kdv d
kljkhu lpsdfw rq uhsd|phqw1 Lq wkhvh fdvhv wkh qxpehu ri jrrg upv/ zklfk
dsso| lq wkh vhfrqg shulrg/ lqfuhdvhv dqg wkh qxpehu ri edg upv ghfuhdvhv1 Lq
frqwudvw/ dq lqfuhdvh lq wkh vkduh ri jrrg rog upv zlwk d vroyhqw lqfxpehqw edqn
lq xhqfhv wkh srro ri qhzo| dsso|lqj upv lq shulrg 2 rqo| rqfh e| uhgxflqj wkh
9Wkh h{suhvvlrq uhvwuxfwxulqj vkrxog eh lqwhusuhwhg dv hyhu| hruw zklfk lqfuhdvhv wkh
olnholkrrg wkdw wkh surmhfw wxuqv rxw wr eh jrrg1 Iru wudqvlwlrq hfrqrplhv wklv hruw frxog eh
pdgh wr uhvwuxfwxuh h{lvwlqj upv zklfk xqghuwdnh d qhz lqyhvwphqw surmhfw lq shulrg 51
45qxpehu ri edg upv1 Wkh uhvxow lv wkdw d fkdqjh lq wkh vkduh ri jrrg qhz upv
kdv d vwurqjhu lpsdfw rq wkh lqwhuhvw udwh -2 ERc^ wkdq d fkdqjh lq wkh vkduh ri
jrrg rog upv1
Wkh uhvwuxfwxulqj ghflvlrqv ri wkh pdqdjhuv ri qhz upv ghshqg rq wkh frvwv
ri uhvwuxfwxulqj dv zhoo dv rq wkh uhvwuxfwxulqj ghflvlrqv ri wkh rog upv dqg ri
doo rwkhu qhz upv1 Wr vwxg| wkhvh hhfwv zh ghqh glhuhqw erxqgdulhv zkhuh
wkh ghflvlrq wr uhvwuxfwxuh pljkw fkdqjh1 Wkh ghqlwlrq lv
{^￿

f  -
2
, ERc^

' , ERc^ +615,
, ' c2cce ghvfulehv doo frpelqdwlrqv ri RcRc^c^1
Sursrvlwlrq 61 +4, Li uhvwuxfwxulqj frvwv duh orz/ l1h1   e

Rc^

/ wkhuh h{lvwv
d xqltxh htxloleulxp zkhuh doo qhz upv uhvwuxfwxuh1 Lq shulrg 2 ^ jrrg qhz
upv hqwhu1
+5, Li uhvwuxfwxulqj frvwv duh lqwhuphgldwh/ l1h1 e

Rc^

	 ￿ ERc^/ wkhuh
h{lvw wzr sxuh vwudwhj| htxloleuld=
+HT4, doo qhz upv uhvwuxfwxuh
+HT5, qr qhz up uhvwuxfwxuhv1
Lq +HT4, ^ jrrg qhz upv hqwhu lq shulrg 2/ lq +HT5, ^ jrrg qhz upv hqwhu1
+6, Li uhvwuxfwxulqj frvwv duh kljk/ l1h1 ￿ ERc^ 	 / wkhuh h{lvwv d xqltxh htxl0
oleulxp zkhuh qr qhz up uhvwuxfwxuhv1 Lq shulrg 2 ^ jrrg qhz upv hqwhu1
Surri=
Vhh Dsshqgl{1
Sursrvlwlrq 6 vkrzv wkdw wkh uhvwuxfwxulqj ghflvlrq ri d qhz up ghshqgv
rq wkh frvwv ri uhvwuxfwxulqj1 Li frvwv duh orz/ uhvwuxfwxulqj lv dwwudfwlyh iru doo
upv/ lqghshqghqw ri wkh uhvwuxfwxulqj ghflvlrq ri rwkhu upv1 Iru kljk frvwv
lw lv qhyhu h!flhqw wr uhvwuxfwxuh1 Krzhyhu/ lq wkh lqwhuphgldwh udqjh ri /
wkh rxwfrph ghshqgv rq wkh uhvwuxfwxulqj ghflvlrq ri wkh rwkhu qhz upv dv
zhoo dv rq wkdw ri wkh rog upv1 Wkh vkduh ri jrrg rog upv lv revhuydeoh iru
wkh qhz upv1 Iru wkh wrs dqg wkh erwwrp hqg ri wkh lqwhuphgldwh frvw udqjh
+e

Rc^

	 ￿
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Rc^

dqg 2

Rc^

	 ￿ ERc^/ iru ghwdlov vhh Dsshqgl{,
wkh qhz upv zloo uhvwuxfwxuh rqo| li wkh rog upv kdyh ghflghg wr uhvwuxfwxuh1
Wkxv rxu prgho doorzv xv wr h{sodlq d sdwk0ghshqghqw ghyhorsphqw zkhuh wkh
lqlwldo vwduwlqj frqglwlrqv ghwhuplqh wkh ixuwkhu ghyhorsphqw1 Rqo| li dq hfrqrp|
vwduwv iurp d vlwxdwlrq zlwk d kljk vkduh ri jrrg upv/ d srvlwlyh ghyhorsphqw zlwk
uhvwuxfwxulqj iroorzv1 Lq frqwudvw/ li wkh vkduh ri jrrg upv lv orz zklfk vkrxog eh
46lqwhusuhwhg dv srru vwduwlqj frqglwlrqv/ wkh ixwxuh ghyhorsphqw lv fkdudfwhul}hg
e| d odfn ri uhvwuxfwxulqj dqg wkxv d orz vkduh ri jrrg upv1:
Lq wkh plggoh dqg dw wkh wrs hqg ri wkh lqwhuphgldwh frvw udqjh +￿

Rc^

	
  ￿ ERc^, wkh uhvwuxfwxulqj ghflvlrq ri hdfk pdqdjhu ghshqgv rq wkh dfwlrq
ri wkh rwkhu qhz upv1 Wkh uhdvrq iru wklv frruglqdwlrq sureohp lv wkdw wkh
ghflvlrq ri hdfk up pdqdjhu ghshqgv rq wkh h{shfwhg sd|r ri wkh surmhfw/ l1h1
surw qhw ri uhsd|phqw/ zkhuh wkh uhsd|phqw -2 lv lq xhqfhg e| wkh uhvwuxfwxulqj
ghflvlrq ri doo rwkhu qhz upv1; Hdfk up uhvwuxfwxuhv rqo| li lw lv rswlplvwlf rq
wkh uhvwuxfwxulqj ehkdylru ri doo rwkhu upv1 Wr dyrlg wkh htxloleulxp zlwkrxw
uhvwuxfwxulqj vrph frruglqdwlrq pljkw eh qhhghg1
Wkh sursrvlwlrq vkrzv wkdw wkh ghflvlrq ri rog upv wr uhvwuxfwxuh kdv d srv0
lwlyh lpsdfw rq wkh uhvwuxfwxulqj ehkdylru ri wkh qhz upv1 Zh zloo qrz vwxg|
wkh lqwhudfwlrq lq pruh ghwdlo1
6151 Rog upv
Wkh dqdo|vlv vr idu zdv irfxvhg rq wkh uhvwuxfwxulqj ehkdylru ri wkh qhz upv lq
shulrg 21 Qrz zh vwxg| wkh ehkdylru ri rog upv/ zklfk hqwhu wkh fuhglw pdunhw
lq wkh uvw shulrg dqg uhvwuxfwxuh ehiruh shulrg 1 Wkurxjk wkhlu uhvwuxfwxulqj
ghflvlrq wkh rog upv lq xhqfh wkh suredelolw| wkdw wkh surmhfw lv jrrg1 Diwhu
wkh w|sh ri wkh surmhfw lv uhyhdohg wr wkh up/ lw vwd|v wkh vdph iru erwk shulrgv1
Hdfk pdqdjhu ri dq rog up frpsduhv wkh sd|r zkhq lqfxuulqj frvwv ri g zlwk
wkh sd|r zlwkrxw uhvwuxfwxulqj1 Wkh sd|r lq shulrg 2 kdv wr eh glvfrxqwhg zlwk
B
8/ wkh glvfrxqw idfwru ri wkh up/ zkhuh B
8  B
￿1 Wkh edqnv* glvfrxqw idfwru
vkrxog eh orzhu

B
8 :B
￿
li edqnv idfh dq xsshu olplw iru wkhlu orvvhv lq shulrg
1 Wkh uhdvrq lv wkdw wkh h{shfwhg surw iurp rog upv lq shulrg  lv qhjdwlyh
dqg wkhuhiruh edqnv frxog eh irufhg wr olplw wkhvh orvvhv e| ghpdqglqj d kljkhu
uhsd|phqw lq wkh uvw shulrg1 Wkh pdqdjhu ri dq rog up ghflghv wr uhvwuxfwxuh
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+616,
Wkh wrwdo h{shfwhg sd|r ri uhvwuxfwxulqj lv ghwhuplqhg e| wkh surw f dqg
wkh uhsd|phqwv lq erwk shulrgv1 Iurp Vhfwlrq 615 zh nqrz wkdw -￿ ghshqgv rq
:Dqrwkhu dujxphqw iru d sdwk0ghshqghqw ghyhorsphqw lv pdgh e| Lfnhv dqg U|whupdq +4<<7,1
Wkh| dujxh wkdw wkh ghflvlrqv pdgh e| vwdwh0rzqhg hqwhusulvhv lq wkh lqlwldo shulrg ri wudqvlwlrq
fuxfldoo| ghwhuplqh wkhlu ixwxuh ghyhorsphqwdo srvvlelolwlhv1
;Iru F5 
s>t

?F F4 +s>t, erwk/ wkh uhvwuxfwxulqj ehkdylru ri rog dqg qhz upv/ duh
uhohydqw iru up m*v ghflvlrq1 Wkxv/ wkh frruglqdwlrq sureohp dprqj wkh qhz upv dulvhv rqo|
li wkh rog upv kdyh uhvwuxfwxuhg1
47-2 dqg -2} ' -21 Wkxv zh fdq uhduudqjh wkh uhwxuqv ri uhvwuxfwxulqj
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Dv iru wkh qhz upv/ wkhuh lv vwudwhjlf xqfhuwdlqw| iru wkh rog upv rq wkh
uhvwuxfwxulqj ehkdylru ri wkh rwkhu upv1 Ixuwkhupruh/ wkh pdqdjhu ri dq rog
up kdv wr wdnh lqwr dffrxqw wkdw wkh uhvwuxfwxulqj ghflvlrq ri doo rog upv pljkw
lq xhqfh wkh uhvwuxfwxulqj ghflvlrq ri qhz upv1 Wkxv/ wkh wzr0shulrg uhvwuxf0
wxulqj jdph kdv wr eh vroyhg e| edfnzdug lqgxfwlrq1 Lq Sursrvlwlrq 6 zh kdyh
douhdg| fkdudfwhul}hg wkh ehvw uhvsrqvhv ri wkh qhz upv1 Wkh zd| lq zklfk wkh
rog up*v ghflvlrq lq xhqfhv wkh qhz up*v ghflvlrq ghshqgv rq wkh uhodwlrqvkls
ehwzhhq uhvwuxfwxulqj frvwv lq shulrg  dqg 21 Wr frpsduh wkhvh frvwv zh uvw
kdyh wr lqvshfw wkh ehqhwv dqg frvwv ri uhvwuxfwxulqj lq shulrg 4 lq pruh ghwdlo1
Wkh uhvwuxfwxulqj ghflvlrq ri rog upv lq xhqfhv wkh sd|r fkdudfwhulvwlfv ri
wkh surmhfw iru wzr shulrgv1 Wkhuhiruh lw lv sodxvleoh wr dvvxph wkdw wklv orqj0whup
uhvwuxfwxulqj fdxvhv kljkhu h{shqvhv1 Wr pdnh wkh ghflvlrqv ri rog dqg qhz upv
frpsdudeoh/ zh ghqh g  E n s zlwk s:f1 Dw wkh vdph wlph/ wkh dyhudjh
uhwxuq +shu shulrg, ri d wzr0shulrg lqyhvwphqw +rog up, vkrxog eh dw ohdvw dv
kljk dv wkdw ri d rqh0shulrg lqyhvwphqw +qhz up,1 Wklv lv gxh wr wkh idfw wkdw
w k hu h s d | p h q wl qw k hv h f r q gs h u l r gl vk l j k h uw k d ql qw k h u v ws h u l r gd v
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Zh kdyh vkrzq wkdw wkh uhwxuq ri uhvwuxfwxulqj ghshqgv rq wkh uhsd|phqw
lq erwk shulrgv1 Wr ghulyh wkh uhdfwlrq ixqfwlrqv ri wkh rog up/ zh ghqh wkh
glhuhqw erxqgdulhv zkhuh wkh uhvwuxfwxulqj ghflvlrq ri wkh rog up pljkw fkdqjh1
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, ' c2cce ghvfulehv doo frpelqdwlrqv ri RcRc^c^1 Zkhq frpsdulqj wkh gli0
ihuhqw erxqgdulhv wkh iroorzlqj udqnlqj rewdlqv1
Ohppd 51 Wkh frvw erxqgdulhv iru wkh uhvwuxfwxulqj ghflvlrq ri dq rog up duh
lq xhqfhg pruh vwurqjo| e| wkh uhvwuxfwxulqj ghflvlrq ri rog upv wkdq ri qhz
upv/ l1h1 ge
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48Surri=
Vhh Dsshqgl{1
Wkh lqwxlwlrq iru wklv uhvxow lv wkdw wkh vkduh ri jrrg rog upv lq xhqfhv wkh
uhsd|phqw lq wzr shulrgv1 Wkh vkduh ri jrrg qhz upv ixoo| pdwwhuv lq wkh vhfrqg
shulrg/ exw lq xhqfhv wkh uhsd|phqw lq wkh uvw shulrg rqo| wr d olplwhg h{whqw1
Wkhuhiruh/ wkh vkduh ri jrrg upv lq wkh rzq jhqhudwlrq kdv d kljkhu lpsdfw rq
wkh vxp ri uhsd|phqwv1 Wklv Ohppd lv lpsruwdqw iru ghwhuplqlqj wkh vxejdph
shuihfw htxloleuld ri wkh zkroh uhvwuxfwxulqj jdph1
6161 Lqwhughshqghqf| ri uhvwuxfwxulqj ghflvlrqv
Wkh frvwv dqg ehqhwv ri uhvwuxfwxulqj ri rog upv dqg ri qhz upv kdyh ehhq
vwxglhg lq Vhfwlrq 715 dqg 714 uhvshfwlyho|1 Ghshqglqj rq wkh vl}h ri s/ zklfk
ghwhuplqhv krz pxfk kljkhu wkh uhvwuxfwxulqj frvwv duh lq wkh uvw shulrg frp0
sduhg wr wkh vhfrqg shulrg/ glhuhqw lqwhughshqghqflhv fdq eh revhuyhg ehwzhhq
wkh uhvwuxfwxulqj ehkdylru ri rog dqg qhz upv1 Wkh uhvwuxfwxulqj ghflvlrq ri
rog upv ghshqgv rq wkh frvwv ri uhvwuxfwxulqj dv zhoo dv rq wkh uhvwuxfwxulqj
ghflvlrqv ri doo rwkhu rog upv dqg ri wkh qhz upv1 Wkh vdph krogv iru wkh qhz
upv1 Lq wkh iroorzlqj sursrvlwlrq zh fkdudfwhul}h doo srvvleoh vxejdph shuihfw
htxloleuld dw wkh kljkhvw ohyho ri lqwhughshqghqf| ri uhvwuxfwxulqj ghflvlrqv1<
Sursrvlwlrq 71 +4, Li uhvwuxfwxulqj frvwv duh yhu| orz/ l1h1  
geERc^
￿ns / wkhuh
h{lvwv d xqltxh vxejdph shuihfw htxloleulxp zkhuh doo rog dqg qhz upv uhvwuxf0
wxuh +HT4,1
+5, Li uhvwuxfwxulqj frvwv duh orz/ l1h1
geERc^
￿ns 	 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/d ww k herwwrp
hqg ru dw wkh plggoh ri wkh lqwhuphgldwh frvw udqjh/ l1h1 ￿
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￿ns /r ukljk/ l1h1
g￿ERc^
￿ns 	 ￿ ERc^/ wkhuh
h{lvw wzr sxuh vwudwhj| vxejdph shuihfw htxloleuld=
+HT4, doo rog dqg qhz upv uhvwuxfwxuh
+HT5, qhlwkhu rog qru qhz upv uhvwuxfwxuh1
+6, Li uhvwuxfwxulqj frvwv duh dw wkh wrs hqg ri wkh lqwhuphgldwh udqjh/ l1h1
g2ERc^
￿ns 	
g￿ERc^
￿ns / wkhuh h{lvw wkuhh sxuh vwudwhj| vxejdph shuihfw htxloleuld=
+HT4, doo rog dqg qhz upv uhvwuxfwxuh
+HT5, qhlwkhu rog qru qhz upv uhvwuxfwxuh
<Wkhuh duh ihzhu pxowlsoh htxloleuld li wkhuh duh ihzhu lqwhudfwlrqv ehwzhhq wkh uhvwuxfwxulqj
ghflvlrqv1 Dq dgglwlrqdo xqltxh vxejdph shuihfw htxloleulxp fdq eh irxqg zkhuh rog upv uh0
vwuxfwxuh exw qhz upv gr qrw uhvwuxfwxuh1 Wklv lv dovr sduw ri wkh dgglwlrqdo pxowlsoh htxloleuld/
zkhuh lw lv hlwkhu frpelqhg zlwk dq htxloleulxp zkhuh rog dv zhoo dv qhz upv uhvwuxfwxuh ru
zlwk dq htxloleulxp zkhuh qhlwkhu rog qru qhz upv uhvwuxfwxuh1
49+HT6, rog upv uhvwuxfwxuh/ exw qhz upv gr qrw uhvwuxfwxuh1
+7, Li uhvwuxfwxulqj frvwv duh yhu| kljk/ l1h1 ￿ ERc^ 	 / wkhuh h{lvwv d xqltxh
vxejdph shuihfw htxloleulxp zkhuh qhlwkhu rog qru qhz upv uhvwuxfwxuh1
Lq shulrg  R jrrg rog upv hqwhu li doo rog upv uhvwuxfwxuh1 Rwkhuzlvh wkhuh duh
R jrrg rog upv1 Lq shulrg 2 ^ jrrg qhz upv hqwhu li doo qhz upv uhvwuxfwxuh1
Rwkhuzlvh wkhuh duh ^ jrrg qhz upv1
Surri=
Vhh Dsshqgl{1
Zh qg wzr uhjlrqv zlwk xqltxh vxejdph shuihfw htxloleuld1 Iru yhu| orz
+yhu| kljk, frvwv ri uhvwuxfwxulqj doo rog dqg qhz upv ghflgh wr uhvwuxfwxuh
+qrw wr uhvwuxfwxuh,1 Lq Sursrvlwlrq 6 wkh xqltxh vxejdph shuihfw htxloleuld duh
ghvfulehg iru wkh uhvwuxfwxulqj ghflvlrq ri wkh qhz upv* pdqdjhuv zkhq wkh
uhvwuxfwxulqj ehkdylru ri rog upv lv h{rjhqrxvo| jlyhq1 D frpsdulvrq ehwzhhq
wkh uhvxowv ri Sursrvlwlrq 6 dqg 7 jlyhv dq lqwxlwlrq iru wkh lqwhughshqghqfh ri
uhvwuxfwxulqj ghflvlrqv1 Lq Sursrvlwlrq 7 wkh qhz upv kdyh ehwwhu uhvwuxfwxulqj
lqfhqwlyhv zkhq frvwv duh udwkhu orz ehfdxvh wkhuh lv d srvlwlyh lqwhujhqhudwlrqdo
h{whuqdolw| iurp wkh uhvwuxfwxulqj ghflvlrq ri rog upv1 Lq wklv frvw udqjh rog
upv kdyh ehwwhu uhvwuxfwxulqj lqfhqwlyhv wkdq qhz upv vlqfh wkh qhw suhvhqw
ydoxh ri wkh uhvwuxfwxulqj lqyhvwphqw lv kljkhu1 E| rswlqj iru uhvwuxfwxulqj wkh
rog upv uhgxfh uhsd|phqw -2 iru wkh qhz upv lq shulrg 2 dqg wkxv lqfuhdvh
wkhlu uhvwuxfwxulqj lqfhqwlyhv1 Wkhuhiruh wkh sdudphwhu udqjh zkhuh wkh qhz upv
uhvwuxfwxuh lqfuhdvhv iurp e wr
ge
￿ns1
Lq wkh iroorzlqj dq lqwxlwlyh h{sodqdwlrq iru wkh uhvxowv ri Sursrvlwlrq 7 lv
surylghg1 Wkhuh duh lqwhughshqghqflhv ehwzhhq uhvwuxfwxulqj ghflvlrqv lq rqh
shulrg +zklfk zloo eh fdoohg lqwudjhqhudwlrqdo h{whuqdolw|, dqg ehwzhhq shulrgv
+zklfk zloo eh fdoohg lqwhujhqhudwlrqdo h{whuqdolw|,1 Lq sduwlfxodu/ wkh rffxuuhqfh
ri pxowlsoh htxloleuld lv vwxglhg/ zkhuh rqh htxloleulxp lv pruh ghvludeoh iurp dq
h!flhqf| srlqw ri ylhz wkdq wkh rwkhu1 Wkh lqwhughshqghqf| ri uhvwuxfwxulqj gh0
flvlrqv fdq eh vhhq iru frvwv dw wkh erwwrp hqg ri wkh lqwhuphgldwh udqjh +zklfk
lv sduw ri fdvh +5,,1 Wkh h{lvwhqfh ri pxowlsoh htxloleuld lv gxh wr d frruglqdwlrq
sureohp lq wkh vhfrqg shulrg vxejdph1 Wkh pdqdjhuv ri qhz upv zloo uhvwuxf0
wxuh rqo| li wkh rwkhu qhz upv lqwhqg wr uhvwuxfwxuh1 Wkh sureohp frxog eh
vroyhg e| frruglqdwlrq1 Frruglqdwlrq lv ixuwkhupruh ghvludeoh dv wkh pdqdjhuv
ri rog upv zdqw wr uhvwuxfwxuh rqo| li wkh qhz upv lqwhqg wr uhvwuxfwxuh/ dqg
wkxv wkh uhvwuxfwxulqj ghflvlrq ri qhz upv dovr ghwhuplqhv wkh rxwfrph ri wkh
uhvwuxfwxulqj jdph lq shulrg 41 Frqvhtxhqwo|/ frruglqdwlrq lq shulrg 5 lv qhhghg
wr jhw uhvwuxfwxulqj lq erwk shulrgv1
Wkh frruglqdwlrq sureohp lv hyhq pruh vhyhuh li frvwv duh orz ru lq wkh plggoh
ri wkh lqwhuphgldwh udqjh/ zkdw lv sduw ri fdvh +5,1 Khuh/ wkh uhvwuxfwxulqj ghfl0
4:vlrq lq wkh vhfrqg shulrg vxejdph ghshqgv rq wkh rog upv* uhvwuxfwxulqj hruw/
zklfk lv revhuydeoh dw wkh wlph zkhq wkh qhz upv frqvlghu uhvwuxfwxulqj1 Exw li
wkh rog upv h{shfw wkdw wkh qhz upv gr qrw lqwhqg wr uhvwuxfwxuh/ wkh| ghflgh
qrw wr uhvwuxfwxuh wkhpvhoyhv1 Wklv/ krzhyhu/ suhyhqwv wkh qhz upv iurp uh0
vwuxfwxulqj/ dqg wkh hfrqrp| hqgv xs zlwk wkh zruvw htxloleulxp +HT5,/ zlwkrxw
dq| uhvwuxfwxulqj1
Wkh rssrvlwh gluhfwlrq ri wkh lqwhujhqhudwlrqdo h{whuqdolw| lv dovr srvvleoh/
zkhuh d frruglqdwlrq sureohp lq shulrg  lq xhqfhv frusrudwh uhvwuxfwxulqj lq
shulrg 21 Lq fdvh +6, wkhuh lv d frruglqdwlrq sureohp dprqj wkh rog upv1 Rog
upv kdyh dq lqfhqwlyh wr uhvwuxfwxuh rqo| li doo rwkhu rog upv lqwhqg wr uhvwuxf0
wxuh1 Krzhyhu/ li frruglqdwlrq wrzdugv uhvwuxfwxulqj idlov lq shulrg / qhlwkhu wkh
rog qru wkh qhz upv zloo uhvwuxfwxuh1 Iru wkh qhz up wkh uhdvrq lv wkdw wkh
uhsd|phqw -2 lv kljk dv wkhuh lv d kljk vkduh ri edg rog upv zklfk dsso| iru
fuhglw lq shulrg 21 Hyhq li frruglqdwlrq wrzdugv uhvwuxfwxulqj lv uhdfkhg lq shulrg
/ wkhuh lv dq dgglwlrqdo frruglqdwlrq sureohp dprqj wkh qhz upv1
Lq fdvh +5, zkhq wkh uhvwuxfwxulqj frvwv duh kljk/ doo nlqgv ri frruglqdwlrq
sureohpv fdq eh irxqg1 Wkh pdqdjhuv ri rog upv dqg ri qhz upv kdyh dq lq0
fhqwlyh wr uhvwuxfwxuh li doo rwkhu rog dqg doo rwkhu qhz upv lqwhqg wr uhvwuxfwxuh1
Wkxv/ wkhuh lv d frruglqdwlrq sureohp dprqj wkh rog upv/ zklfk ghwhuplqhv wkh
ghflvlrq lq wkh vhfrqg shulrg= Qhz upv uhvwuxfwxuh rqo| li rog upv kdyh uh0
vwuxfwxuhg1 Dgglwlrqdoo|/ wkhuh lv d frruglqdwlrq sureohp dprqj wkh qhz upv=
Qhz upv uhvwuxfwxuh rqo| li doo rwkhu qhz upv uhvwuxfwxuh1 Djdlq/ wklv fduulhv
wkurxjk wr wkh uvw shulrg= Rog upv zdqw wr uhvwuxfwxuh rqo| li doo qhz upv
lqwhqg wr uhvwuxfwxuh1 Wr jhw wkh uhvxow wkdw rog dv zhoo dv qhz upv uhvwuxfwxuh/
frruglqdwlrq wrzdugv uhvwuxfwxulqj kdv wr eh uhdfkhg lq erwk shulrgv1
6171 Pxowlsoh htxloleuld dqg frruglqdwlrq srolf|
Wkh dqdo|vlv deryh vkrzv wkdw wkh lqwhudfwlrq ehwzhhq uhvwuxfwxulqj ghflvlrqv gh0
shqgv rq wkh uhvwuxfwxulqj frvwv1 Zh kdyh fkdudfwhul}hg wkh pd{lpxp dprxqw ri
lqwhudfwlrqv1 Wkhuh zloo eh ihzhu lqwhughshqghqflhv li wkh vwuxfwxuh ri uhvwuxfwxu0
lqj frvwv lq shulrg  dqg 2 lv ohvv lqwhuwzlqhg1 Lw kdv ehhq vkrzq wkdw frruglqdwlrq
pljkw idlo lq hdfk shulrg1 Wkh frruglqdwlrq sureohp lq rqh shulrg fdq dovr lq0
 xhqfh wkh rxwfrph lq dqrwkhu shulrg1 Wkhvh frruglqdwlrq sureohpv frxog eh
dyrlghg e| srolf| phdvxuhv/ iru h{dpsoh e| uhgxflqj wkh uhvwuxfwxulqj frvwv1 Lq
wudqvlwlrq frxqwulhv pdq| lpshglphqwv kdyh wr eh ryhufrph ehiruh wkh lqyhvw0
phqw surmhfw fdq eh xqghuwdnhq1 D vlpsolfdwlrq ri doo wkhvhv surfhgxuhv zrxog
vxevwdqwldoo| frqwulexwh wr orzhu wkh frvwv1 Dq dowhuqdwlyh zd| wr uhgxfh wkh frvwv
zrxog eh wr judqw vxevlglhv1 Krzhyhu/ wklv srolf| phdvxuh zrxog kdyh wr eh kdq0
gohg zlwk fduh dv rqh lpsruwdqw jrdo ri wudqvlwlrq lv wr uhgxfh vwdwh lqwhuyhqwlrq
4;lqwr wkh hfrqrp|1 Wkurxjk frruglqdwlrq srolf| wkh ehwwhu htxloleulxp fdq eh
uhdfkhg1 Wkh ghjuhh wr zklfk frruglqdwlrq srolf| lv qhfhvvdu| ghshqgv rq wkh
frvw vwuxfwxuhv/ dv zh kdyh vhhq lq Sursrvlwlrq 71
Iru h{dpsoh/ li uhvwuxfwxulqj frvwv duh orz/ dw wkh erwwrp hqg dqg lq wkh plg0
goh ri wkh lqwhuphgldwh udqjh +zklfk lv sduw ri fdvh +5,, frruglqdwlrq dprqj wkh
uhvwuxfwxulqj ghflvlrqv ri qhz upv lv vx!flhqw wr jhw wkh htxloleulxp zkhuh doo
jhqhudwlrqv uhvwuxfwxuh1 Lq fdvh +6,/ zkhq wkh frvwv duh dw wkh wrs hqg ri wkh lqwhu0
phgldwh udqjh/ wkh pdqdjhuv ri rog upv kdyh dq lqfhqwlyh wr uhvwuxfwxuh li doo rog
upv lqwhqg wr uhvwuxfwxuh1 Wkh pdqdjhuv ri qhz upv zdqw wr uhvwuxfwxuh li wkh
rog upv kdyh uhvwuxfwxuhg dqg doo rwkhu qhz upv lqwhqg wr uhvwuxfwxuh1 Lq wklv
fdvh wzr vwhsv ri frruglqdwlrq duh ghvludeoh1 Li wkh rog upv kdyh uhvwuxfwxuhg/
wkh qhz upv pd| kdyh dq lqfhqwlyh wr uhvwuxfwxuh/ wrr1 Wkxv lw lv qhfhvvdu|
wr uhdfk frruglqdwlrq dprqj wkh rog upv1 Exw/ dv hdfk pdqdjhu ri d qhz up
zdqwv wr uhvwuxfwxuh rqo| li doo rwkhu qhz upv lqwhqg wr uhvwuxfwxuh/ dgglwlrqdo
frruglqdwlrq lv qhfhvvdu| lq shulrg 21 Li frruglqdwlrq lq wkh vhfrqg shulrg idlov/
wkhuh zloo rqo| eh uhvwuxfwxulqj lq shulrg  exw qrw lq shulrg 21 Wkh vdph h{whqw
ri frruglqdwlrq lv qhfhvvdu| lq fdvh +5, zlwk kljk uhvwuxfwxulqj frvwv1 Wkh frrugl0
qdwlrq idloxuh lq rqh shulrg lpsolhv d odfn ri uhvwuxfwxulqj lq erwk shulrgv1 Wklv
vkrzv wkdw wkh frruglqdwlrq idloxuh lv hyhq pruh vhyhuh li frvwv duh kljkhu1
71 Hhfwv ri edqn lqvroyhqf|
7141 Qhz upv
Lq wklv sdshu wkh ixqgdphqwdo txhvwlrq lv dgguhvvhg/ krz edqn lqvroyhqf| dhfwv
frusrudwh uhvwuxfwxulqj1 Lq Vhfwlrq 515 lw zdv vkrzq wkdw wkh uhsd|phqw zklfk wkh
edqnv ghpdqg lq shulrg 2 lv ghwhuplqhg e| wkh dyhudjh txdolw| ri qhzo| dsso|lqj
upv1 Wklv lpsolhv wkh iroorzlqj sursrvlwlrq=
Sursrvlwlrq 81 Edqn lqvroyhqf| kdv d srvlwlyh hhfw rq wkh ixwxuh uhvwuxfwxulqj
lqfhqwlyhv/ l1h1 rq wkh uhvwuxfwxulqj ghflvlrq ri qhz upv1
Surri=
Vhh Dsshqgl{1
Edqn lqvroyhqf| ghfuhdvhv -2 dqg lqfuhdvhv wkh sdudphwhu udqjh zlwk d xqltxh
uhvwuxfwxulqj htxloleulxp +vhh Sursrvlwlrq 6/ fdvh +4,,1 Dw wkh vdph wlph wkh
sdudphwhu udqjh zkhuh upv gr qrw uhvwuxfwxuh ghfuhdvhv +vhh Sursrvlwlrq 6/ fdvh
+6,,1 Ixuwkhupruh lw fdq eh vkrzq wkdw d kljkhu ghjuhh ri lqvwdelolw| ghfuhdvhv
wkh sdudphwhu udqjh lq zklfk upv pd| rsw iru uhvwuxfwxulqj1
4<Wkh uhvxow wkdw edqn lqvroyhqf| kdv d srvlwlyh hhfw rq uhvwuxfwxulqj pd| eh
vxusulvlqj1 Wkh h{sodqdwlrq uholhv rq wkh edqnv zklfk rshudwh lq dq hqylurqphqw
zlwk dv|pphwulf lqirupdwlrq/ zkhuh lqirupdwlrqdo sureohpv fdqqrw eh vroyhg e|
vfuhhqlqj ru e| rhulqj d vhoi0vhohfwlrq frqwudfw1 Krzhyhu/ wklv gl!fxow hqylurq0
phqw vhhpv wr suhydlo lq wudqvlwlrq hfrqrplhv1 Edqnv gr qrw shuirup doo wkh
wdvnv zklfk duh dvvrfldwhg zlwk wkh doorfdwlrq ri fuhglw lq d pdunhw hfrqrp|1 Wkh
wdvn zklfk lv uhohydqw lq rxu dqdo|vlv lv wkh vhohfwlrq ri vrfldoo| h!flhqw surmhfwv1
Zh dvvxphg wkdw edqnv fdqqrw h{foxgh xqsurwdeoh upv iurp uhfhlylqj qdqfh1
Wklv pljkw vhhp d vrphzkdw vwurqj dvvxpswlrq/ exw txdolwdwlyho| wkh vdph uhvxowv
rewdlq dv orqj dv edqnv gr qrw kdyh d shuihfw vfuhhqlqj0whfkqrorj|1
7151 Rog upv
Frqfhuqlqj wkh lq xhqfh ri edqn lqvroyhqf| rq frusrudwh lqyhvwphqw ri rog upv
wzr rssrvlqj hhfw lqwhudfw1
Sursrvlwlrq 91 Edqn lqvroyhqf| kdv d qhjdwlyh hhfw rq wkh fxuuhqw uhvwuxfwxu0
lqj lqfhqwlyhv/ l1h1 rq wkh uhvwuxfwxulqj ghflvlrq ri rog upv/ li B
￿ ' B
81
Surri=
Vhh Dsshqgl{1
Iru rog upv wkh ghulydwlyh ri wkh ehqhwv ri uhvwuxfwxulqj zlwk uhvshfw wr wkh
ghjuhh ri edqn vroyhqf|  lv=
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Wkhuh duh wzr rssrvlqj hhfwv ri edqn lqvroyhqf| rq wkh uhvwuxfwxulqj ghflvlrq
ri rog upv1 Rq wkh rqh kdqg wkhuh lv wkh qhjdwlyh hhfw ri d kljkhu uhsd|phqw
-￿ zklfk wkh edqnv kdyh wr ghpdqg wr euhdn hyhq lq d pruh ulvn| hqylurqphqw1
Wklv ghfuhdvhv wkh uhwxuq ri uhvwuxfwxulqj lq wkh uvw shulrg1 Rq wkh rwkhu kdqg
edqn lqvroyhqf| ghfuhdvhv wkh uhsd|phqw lq shulrg 21 Wklv ghfuhdvh ri -2 lq wkh
vhfrqg shulrg lv zhljkwhg zlwk wkh glvfrxqw idfwru B
8/ dv wkh sd|r kdv wr eh
glvfrxqwhg1 D orzhu -2 lqfuhdvhv -￿/ wklv hhfw lv zhljkwhg zlwk B
￿1 Lw vhhpv
sodxvleoh wkdw B
8  B
￿/ dqg wkhuhiruh frqfhuqlqj wkh fkdqjh lq -2 wkh srvlwlyh
hhfw ri edqn lqvroyhqf| grplqdwhv1
Iru dq ryhudoo hydoxdwlrq wkh wzr rssrvlqj hhfwv kdyh wr eh frpsduhg1 Zh
qg wkdw iru B
8 ' B
￿ wkh hhfw ri edqn lqvroyhqf| rq wkh uhvwuxfwxulqj ehkdylru lv
53qhjdwlyh dv wkh qhjdwlyh hhfw rq -￿ rxwzhljkv wkh srvlwlyh hhfw rq -21 Krzhyhu/
li edqnv idfh uhvwulfwlrqv rq wkh ghflwv zklfk wkh| pd| uxq lq wkh uvw shulrg
lw lv sodxvleoh wkdw B
8 :B
￿1 Lq wklv fdvh wkh ghjuhh ri edqn vroyhqf|  pdwwhuv
iru wkh uhvxow ri frpsdudwlyh vwdwlfv1 D kljkhu  sxwv ohvv zhljkw rq wkh srvlwlyh
hhfw ri edqn lqvroyhqf| rq -21 Lq frqwudvw/ vwduwlqj iurp d kljkhu ghjuhh ri
edqn lqvroyhqf| + orz hqrxjk, edqn lqvroyhqf| fdq kdyh d srvlwlyh hhfw rq wkh
uhvwuxfwxulqj ghflvlrq ri rog upv dv lw ghfuhdvhv wkh uhsd|phqw vr vwurqjo| wkdw
wkh kljkhu uhsd|phqw lq wkh uvw shulrg lv ryhufrpshqvdwhg1
Vr idu lw kdv ehhq vkrzq wkdw edqn lqvroyhqf| kdv rssrvlqj hhfwv rq wkh
uhvwuxfwxulqj ghflvlrqv ri rog dqg qhz upv/ uhvshfwlyho|1 Qdwxudoo| wkh txhvwlrq
dulvhv= Zkdw lv wkh wrwdo hhfw ri edqn lqvroyhqf|B Zkhq dqvzhulqj wklv txhvwlrq
lw kdv wr eh wdnhq lqwr dffrxqw wkdw wkh dfwxdo rxwfrph ri wkh uhvwuxfwxulqj jdph
ghshqgv lq pdq| fdvhv rq wkh frruglqdwlrq srolf|1 Wklv lv dovr uh hfwhg lq wkh
iroorzlqj sursrvlwlrq=
Sursrvlwlrq :1 +4, Vxssrvh wkhuh lv frruglqdwlrq lq hdfk shulrg1 Li uhvwuxfwxulqj
frvwv duh yhu| kljk/ l1h1  ' ￿ ERc^n0/ wkhq wkhuh h{lvwv d srvlwlyh hhfw ri
edqn lqvroyhqf| rq frusrudwh uhvwuxfwxulqj/ l1h1 dq htxloleulxp lq zklfk qhlwkhu
rog qru qhz upv uhvwuxfwxuh lv uhsodfhg e| rqh lq zklfk rog dv zhoo dv qhz upv
uhvwuxfwxuh1
+5, Vxssrvh wkhuh lv qr frruglqdwlrq lq dq| shulrg1 Li uhvwuxfwxulqj frvwv duh
yhu| orz/ l1h1  '
geERc^
￿ns / wkhq wkhuh h{lvwv d qhjdwlyh hhfw ri edqn lqvroyhqf|
rq frusrudwh uhvwuxfwxulqj/ l1h1 dq htxloleulxp lq zklfk rog dv zhoo dv qhz upv
uhvwuxfwxuh lv uhsodfhg e| rqh lq zklfk qhlwkhu rog qru qhz upv uhvwuxfwxuh1
Surri=
Vhh Dsshqgl{1
Li wkh frruglqdwlrq sureohp lv vroyhg/ wkhq doo upv uhvwuxfwxuh dv orqj dv
uhvwuxfwxulqj frvwv duh qrw yhu| kljk1 Dw wkh frvw erxqgdu| ehwzhhq kljk dqg
yhu| kljk frvwv wkh uhvwuxfwxulqj ghflvlrq ri qhz upv fkdqjhv dv wkh| gr qr
orqjhu kdyh dq lqfhqwlyh wr uhvwuxfwxuh dqg wklv lq xhqfhv wkh ghflvlrq ri rog upv
qhjdwlyho|/ wkh| qr orqjhu kdyh dq lqfhqwlyh wr uhvwuxfwxuh1 Lq wklv fdvh pruh edqn
lqvroyhqf| uhgxfhv wkh uhsd|phqw lq wkh vhfrqg shulrg dqg frqvhtxhqwo| wkh frvw
erxqgdu| lqfuhdvhv1 Wklv phdqv wkdw wkh qhz upv qrz kdyh dq lqfhqwlyh wr
uhvwuxfwxuh surylghg doo rwkhu qhz upv lqwhqg wr uhvwuxfwxuh dqg wkh rog upv
kdyh uhvwuxfwxuhg1 Dffruglqj wr wkh dvvxpswlrq wkh frruglqdwlrq sureohp dprqj
qhz upv lv vroyhg1 Wklv jlyhv wkh rog upv dq lqfhqwlyh wr uhvwuxfwxuh/ dqg
wkh frruglqdwlrq sureohp dprqj wkh rog upv lv dovr vroyhg1 Lq htxloleulxp doo
54jhqhudwlrqv ri upv uhvwuxfwxuh dqg wkhuhiruh edqn lqvroyhqf| kdv d srvlwlyh hhfw
rq frusrudwh uhvwuxfwxulqj1
Wkh frqwudu| uhvxow lv rewdlqhg li wkhuh lv qr frruglqdwlrq1 Xqghu wklv flufxp0
vwdqfhv rog dv zhoo dv qhz upv uhvwuxfwxuh rqo| dv orqj dv wkh uhvwuxfwxulqj frvwv
duh yhu| orz1 Dw wkh erxqgdu| ehwzhhq yhu| orz dqg orz frvwv wkh ghflvlrq ri
wkh rog upv lv fuxfldo1 Dq lqfuhdvlqj suredelolw| ri edqn lqvroyhqf| ghfuhdvhv
wkh frvw erxqgdu| iru wkh rog upv1 Iru  '
geERc^
￿ns wkh| qrz ghflgh qrw wr uh0
vwuxfwxuh dv wkhuh lv qr frruglqdwlrq1 Exw wkhlu ghflvlrq qrw wr uhvwuxfwxuh phdqv
wkdw qhz upv qr orqjhu kdyh dq lqfhqwlyh wr uhvwuxfwxuh/ hlwkhu1 Lq htxloleulxp
qhlwkhu rog qru qhz upv uhvwuxfwxuh1 Wkxv edqn lqvroyhqf| lq xhqfhv frusrudwh
uhvwuxfwxulqj qhjdwlyho| li wkhuh lv qr frruglqdwlrq1
81 Frqfoxvlrqv
Zh vwduwhg wklv sdshu zlwk wkh vxusulvlqj qglqj wkdw edqn lqvroyhqf| glg qrw
suhyhqw hfrqrplf jurzwk lq wudqvlwlrq frxqwulhv1 Wkh uhdvrq lv qrw wkdw wkh
frusrudwh dqg wkh edqnlqj vhfwru duh mxvw srruo| lqwhjudwhg 0 edqnv duh lq idfw
wkh prvw lpsruwdqw qdqfldo lqwhuphgldulhv1 Krzhyhu/ wkh edqnv gr qrw shuirup
doo wdvnv wkh| duh vxssrvhg wr/ olnh fkdqqholqj wkh ixqgv wr wkh ehvw lqyhvwphqw
surmhfw1 Wr fryhu wklv/ zh ghyhorshg d prgho zkhuh edqnv shuirup wkh wdvn ri dvvhw
wudqvirupdwlrq +ghsrvlwv lqwr fuhglw, exw duh qrw deoh wr shuirup rwkhu wdvnv/ olnh
h1j1 hvwlpdwlqj fuhglw ulvnv dqg surfhvv lqirupdwlrq1 Edvhg rq wklv srru edqnlqj
whfkqrorj| zh qg/ frqwudu| wr zkdw rqh pljkw h{shfw/ wkdw edqn lqvroyhqf| kdv
vrph srvlwlyh lq xhqfh rq frusrudwh uhvwuxfwxulqj1 Wklv srvlwlyh hhfw lv gxh wr
wkh dgyhuvh vhohfwlrq sureohp1 Ilupv zlwk xqsurwdeoh lqyhvwphqw surmhfwv duh
uhmhfwhg e| wkhlu lqfxpehqw edqn dqg uhdsso| iru fuhglw dw dq rxwvlgh edqn lq
shulrg 21 Krzhyhu/ li edqnv idlo/ wklv sureohp lv ohvv vhyhuh vlqfh upv kdyh wr
qg d qhz fuhglwru lqghshqghqw ri wkh w|sh ri wkhlu surmhfw1
Lq rxu prgho wkh edqnlqj vhfwru lv qrw yhu| vrsklvwlfdwhg1 Edqnv judqw fuhglw
zlwkrxw vfuhhqlqj wkh surmhfwv/ dqg lw lv lpsrvvleoh wr h{wudfw lqirupdwlrq rq wkh
surwdelolw| ri d surmhfw e| rhulqj d vhoi0vhohfwlrq frqwudfw1 Ehvlghv/ wkh edqnv
fdqqrw xvh wkh lqirupdwlrq zklfk kdv ehhq jhqhudwhg rq d up e| rwkhu edqnv1
Zkdw zrxog kdsshq li wkh edqnlqj lqgxvwu| srvvhvvhg d ehwwhu delolw| wr jhqhudwh
dqg surfhvv lqirupdwlrqB Iluvw/ li edqnv kdyh d ehwwhu lqwhuwhpsrudo lqirupdwlrq
surfhvvlrq exw wkhuh duh vwloo qr vfuhhqlqj vnloov/ wkh rog upv zloo qg lw pruh
gl!fxow wr suhwhqg wr eh d qhz up1 Edqnv zrxog vruw 0 pd|eh qrw shuihfwo| 0
upv dsso|lqj iru fuhglw lq shulrg 5 lqwr wzr jurxsv= qhz upv dqg rog upv1 Wkh
lq xhqfh ri wkh rog upv uhvwuxfwxulqj ehkdylru rq wkh qhz upv* uhvwuxfwxulqj
ghflvlrqv dqg ylfh yhuvd zloo ehfrph ohvv lpsruwdqw dv wkh ghjuhh ri lqwhuwhpsrudo
55lqirupdwlrq  rzv lqfuhdvhv1 Dv orqj dv wkh vsloo0ryhu ri lqirupdwlrq lv qrw shuihfw
wkh ghjuhh ri edqn lqvroyhqf| sod|v d uroh1
Hpslulfdoo|/ krzhyhu/ wkhuh vhhpv wr eh d orz ghjuhh ri lqwhuwhpsrudo lqiru0
pdwlrq  rzv iru wkh vhfwru ri vpdoo dqg srvvleo| phglxp0vl}hg upv 0 hyhq lq
dq hqylurqphqw zlwk jrrg lqirupdwlrq surfhvvlrq1 Wkh uhdvrq lv wkdw lw lv hdv|
iru upv wr uhrshq wkhlu exvlqhvv xqghu d qhz qdph li wkh| kdyh idlohg1 Rewdlq0
lqj nqrzohgjh ri wkh fuhglw klvwru| lv hyhq pruh gl!fxow lq wudqvlwlrq frxqwulhv
vlqfh wkhuh h{lvw kdugo| dq| lqirupdwlrq0djhqflhv zklfk froohfw lqirupdwlrq rq wkh
txdolw| dqg uhsd|phqw ehkdylru ri upv1 Lq Srodqg vxfk dq djhqf| kdv ehhq
hvwdeolvkhg zlwk khos ri XV0DLG1 Lw fryhuv derxw 481333 srolvk upv/ zklfk lv
rqo| d vpdoo iudfwlrq ri ghewruv +Erqlq hw do1/ 4<<;,1 Vrphwlphv edqnlqj dvvrfld0
wlrqv h{fkdqjh lqirupdwlrq rq ghidxowlqj fxvwrphuv/ exw wkh  rz ri lqirupdwlrq
lv lpshuihfw1
Vhfrqg/ li edqnv h{huw vfuhhqlqj hruw zlwk d shuihfw whfkqrorj|/ doo wkh sure0
ohpv vwxglhg lq wklv sdshu zrxog glvdsshdu1 Wkh idfw wkdw lq wudqvlwlrq frxqwulhv
wkh edqnv duh exughqhg zlwk pdq| edg ordqv vkrzv wkdw edqnv hlwkhu gr qrw vfuhhq
ru gr qrw srvvhvv vx!flhqw nqrzohgjh dqg h{shulhqfh wr hydoxdwh wkh surmhfwv h{
dqwh +Dqghuvrq dqg Nhjhov/ 4<<;,1 Vfkqlw}hu +4<<<d, vwxglhv wkh edqn*v lqfhqwlyh
wr lqyhvw lq frvwo| vfuhhqlqj zlwk d shuihfw whfkqrorj| lqvwhdg ri judqwlqj edg
ordqv1 Edqnv kdyh d ehwwhu lqfhqwlyh wr vfuhhq li pruh frpshwlwruv duh lqiruphg1
Krzhyhu/ wkh pruh edqnv duh lq wkh pdunhw wkh pruh olnho| wkh| pd| judqw edg
ordqv1 Eurhfnhu +4<<3, dqdo|}hv wkh hhfw ri dq lpshuihfw vfuhhqlqj whfkqrorj|
rq lqwhuhvw udwhv dqg dvvxphv wkdw doo edqnv vfuhhq dv lw lv frvwohvv1 Kh vkrzv
wkdw lpshuihfw vfuhhqlqj fdxvhv d zlqqhu*v fxuvh sureohp1 D up zklfk lv ghqlhg
fuhglw e| rqh edqn zloo dsso| iru fuhglw djdlq1 Krzhyhu/ e| wklv ehkdylru wkh
dyhudjh txdolw| ri wkh dsso|lqj up ghfuhdvhv1 Wkh orzhu wkh qxpehu ri edqnv/
wkh kljkhu wkh txdolw| ri wkh eruurzhuv dqg wkh orzhu wkh lqwhuhvw udwh1
Xvlqj wkh uhvxowv ri wkh prgho dqg wkh glvfxvvlrq ri wkh edqnlqj whfkqrorj| wkh
iroorzlqj hpslulfdo idfwv fdq eh h{sodlqhg= Iluvw/ wkh uhvxow wkdw edqn lqvroyhqf|
fdq kdyh d srvlwlyh hhfw rq up uhvwuxfwxulqj frxog h{sodlq zk| wkh wudqvlwlrq
frxqwulhv zhuh jurzlqj ghvslwh wkh edqnlqj fulvhv wkh| idfhg1 Wkh prgho vkrzv
wkdw wklv lv wkh fdvh li uhvwuxfwxulqj frvwv duh kljk dqg wkh frruglqdwlrq sureohp
lv vroyhg1 Vhfrqg/ wkh srvvleoh srvlwlyh hhfw ri edqn lqvroyhqf| lv kljkhvw zkhq
vfuhhqlqj lv lpsrvvleoh ru lqh!flhqw1 Wklv dujxphqwdwlrq vxssruwv wkh fodlp df0
fruglqj wr zklfk edqn lqvroyhqf| kdv zruvh frqvhtxhqfhv iru ehwwhu ghyhorshg
hfrqrplhv vlqfh zh suhvxph wkdw wkh| kdyh d ehwwhu whfkqrorj| dqg wkhuhiruh
wkh| idfh pdlqo| wkh qhjdwlyh hhfw1 Wklug/ wklv qglqj kdv dq lqwhuhvwlqj srolf|
lpsolfdwlrqv1 Li zh dvvxph wkdw wkh vfuhhqlqj whfkqrorj| lpsuryhv ryhu wlph dqg
lw lv qhfhvvdu| wr fohdq xs wkh edqnlqj vhfwru/ edqnv vkrxog eh irufhg rxw ri wkh
56pdunhw lq wkh ehjlqqlqj ri wkh uhirupv1 Lq wklv fdvh d kljkhu srvlwlyh hhfw ri
edqn lqvroyhqf| fdq eh h{shfwhg1
Irxuwk/ rxu prgho vkrzv h{dfwo| zkhuh wkh qhjdwlyh hhfwv ri edqn lqvroyhqf|
hqwhu1 Edqnv ghpdqg d kljkhu lqwhuhvw udwh lq d ulvnlhu hqylurqphqw1 Wkh prgho
frqfhqwudwhv rq wkh sulfh hhfwv ri edqn lqvroyhqf| exw wkhuh duh rwkhu qhjdwlyh
hhfwv/ hvshfldoo| rq wkh dprxqw ri fuhglw judqwhg1 Ehiruh edqnv judqw fuhglwv
wkh| kdyh wr dwwudfw ghsrvlwv dqg wudqvirup wkhp lqwr fuhglwv1 Li sureohpv lq
wkh edqnlqj vhfwru ehfrph v|vwhplf dqg wkh ghsrvlwruv orvh frqghqfh lqwr wkh
vdihw| ri wkh edqnlqj vhfwru/ wkh dprxqw ri ixqgv +dqg2ru edqn htxlw|, ghfuhdvhv
gudvwlfdoo|1 Exw wkhq edqnv kdyh wr udwlrq fuhglw dqg wklv edqnlqj fulvlv kdv vhyhuh
qhjdwlyh hhfwv rq frusrudwh uhvwuxfwxulqj1 Wkxv/ wkh fkdoohqjh iru srolwlfldqv lq
wudqvlwlrq frxqwulhv lv wr wdfnoh wkh sureohpv dvvrfldwhg zlwk edqn lqvroyhqf| lq
d zd| wkdw frqghqfh lq wkh edqnlqj vhfwru uhpdlqv1 Dw wkh vdph wlph wkh| kdyh
wr dvvxuh wkdw dvvhw wudqvirupdwlrq wdnhv vwloo sodfh dqg wkhuhiruh wkh| qhhg qrw
ghod| wkh fohdqlqj0xs ri lqvroyhqw edqnv dv ghsrvlwv zloo eh iur}hq +zkdw kdsshqhg
iru h{dpsoh lq wkh Edowlfv/ vhh Kdqvvrq dqg Wrpedn/ 4<<<,1
Wkh irupdo dqdo|vlv kdv vkrzq wkdw vhyhudo frruglqdwlrq sureohpv dprqj wkh
upv dulvh zklfk duh wudqvplwwhg e| wkh qdqfldo pdunhw1 Wkh uhvwuxfwxulqj
ghflvlrq wrgd| pd| eh lq xhqfhg e| wkh uhvwuxfwxulqj ghflvlrq ri d sdvw jhqhudwlrq
ri upv/ zklfk fdxvhv d sdwk0ghshqghqw hfrqrplf ghyhorsphqw1 H{shfwdwlrqv dovr
sod| dq lpsruwdqw uroh1 Rq wkh rqh kdqg wkh h{shfwdwlrq rq wkh uhvwuxfwxulqj
ehkdylru ri upv ri wkh vdph jhqhudwlrq lq xhqfhv wkh uhvxowlqj htxloleulxp1 Rq
wkh rwkhu kdqg wkhuh duh wkh h{shfwdwlrqv rq wkh uhvwuxfwxulqj ghflvlrqv ri d
ixwxuh jhqhudwlrq ri upv1 Iru wkh fxuuhqw dqg iru ixwxuh ghflvlrqv frruglqdwlrq
lv ghvludeoh wr uhdfk wkh ehwwhu htxloleulxp zlwk uhvwuxfwxulqj1 Krzhyhu/ wkhuh lv
qr xqlirup sursrvdo wr zklfk h{whqw frruglqdwlrq lv qhhghg1 Wkh frruglqdwlrq
srolf| ghshqgv fuxfldoo| rq wkh uhvwuxfwxulqj frvwv1
5791 Dsshqgl{
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+d, Lqfxpehqw edqnv
D jrrg rog up lv lqglhuhqw ehwzhhq wkh lqfxpehqw +-2}, dqg dq rxwvlgh edqn
+-J￿|, li= f  -2} ' f  -J￿|1 Wkxv wkh lqfxpehqw edqn ghpdqgv -2} ' -J￿|
dqg wkh jrrg rog upv vwd| zlwk wkh lqfxpehqw edqn +gxh wr rxu dvvxpswlrq,1
+e, Rxwvlgh edqnv
Wkh rwkhu rog upv/ jrrg rqhv zkhq wkhlu lqfxpehqw edqn ehfdph lqvroyhqw
dqg doo edg rqhv/ kdyh wr qg d qhz fuhglwru1 Zkhq dsso|lqj lq shulrg 2 upv
fkrrvh ehwzhhq wzr sxuh vwudwhjlhv=
+4, vkrz wkhlu fuhglw frqwudfw wr suryh wkdw wkh| duh rog ru
+5, suhwhqg wr eh qhz upv1
Edqnv frpshwh lq Ehuwudqg idvklrq dqg hdfk edqn ghpdqgv
 lq fdvh +4, -J ' U
￿3R￿
RE￿3￿￿> wkh odwwhu lv ghwhuplqhg e| wkh edqn*v }hur surw
frqglwlrq=
E  REUnRE  E-J  U'f 1
 Lq fdvh +5, dq rxwvlgh edqn ghpdqgv -2 ' U
￿3>R￿
E￿3>￿^nE￿3￿￿>R zklfk lv ghwhu0
plqhg e|= 
E  >

^-2￿  U

n >

E  

R-2￿  U

n E  REU

'f 1
Wkh grplqdqw vwudwhj| lv wr suhwhqg wr eh d qhz up dv -J :- 2
-2  -J ' U
E￿3>￿ER3^3R￿E￿3^￿￿
RE￿3￿￿EE￿3>￿^nE￿3￿￿>R￿ 	 f
Wkh ghqrplqdwru lv qhjdwlyh iru doo frpelqdwlrqv ri RcRc^c^ +zklfk duh lqwur0
gxfhg lq Vhfwlrq 7,=
0i r uR ' ^ GE RE  ^ 	 f
0i r uRc^ G

R  ^  RE  ^

	 f
0i r uRc^ G

R  ^  R

  ^

	 f
dv zh kdyh dvvxphg wkdw -2 : U
R zklfk lpsolhv wkdw ^  R  R

  R

	 f dqg
dv R ' ^cR ' ^ wkh h{suhvvlrq deryh lv qhjdwlyh/ wrr1
Wkhuh lv qr lqfhqwlyh iru wkh edqnv wr ghyldwh iurp wklv lqwhuhvw udwh/ dv gh0
fuhdvlqj wkh lqwhuhvw udwh zrxog ohdg wr dq h{shfwhg orvv dqg lqfuhdvlqj wkh lqwhuhvw
udwh zrxog phdq orrvlqj doo fxvwrphuv1
Doorzlqj pl{hg vwudwhjlhv grhv qrw fkdqjh wkh uhvxow dv -J uhpdlqv wkh vdph
exw -2 ghfuhdvhv1 Wkxv wkh grplqdqw vwudwhj| iru wkh rog upv lv wr suhwhqg wr
eh qhz1 T1H1G1
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Zh zdqw wr vkrz wkdw -2
￿ ERc^ 	- 2
2

Rc^

	- 2
￿

Rc^

	- 2
e

Rc^

 -2
￿ ERc^  -2
2

Rc^

' 
U
￿3>R￿
E￿3>￿^nE￿3￿￿>R



U
￿3>R￿
E￿3>￿^nE￿3￿￿>R

'

U
E￿3>￿>ER3RE^￿n￿￿
EE￿3>￿^nE￿3￿￿>R￿EE￿3>￿^nE￿3￿￿>R

	 f1W k x v-2
￿ ERc^ 	- 2
2

Rc^

1
 -2
2

Rc^

 -2
￿

Rc^

'

U
￿3>R￿
E￿3>￿^nE￿3￿￿>R



U
￿3>R￿
E￿3>￿^nE￿3￿￿>R

zlwk R ' ^ dqg R ' ^ dqg > 'f D 
U
3ER3REf￿D￿E3f￿DERnRn￿
EE￿3>￿RnE￿3￿￿>REE￿3>￿RnE￿3￿￿>R

	 f
dv EfD

R n R

n: f dv R	cR	 1W k x v-2
2

Rc^

	- 2
￿

Rc^

1
 -2
￿

Rc^

 -2
e

Rc^


U
￿3>R￿
E￿3>￿^nE￿3￿￿>R



U
￿3>R￿
E￿3>￿^nE￿3￿￿>R

'

U
E￿3>￿>E3RnR￿
EE￿3>￿^nE￿3￿￿>REE￿3>￿^nE￿3￿￿>R

	 f1W k x v-2
￿

Rc^

	- 2
e

Rc^

1 T1H1G1
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Lq wklv wzr0shulrg prgho wkh krog0xs sureohp lq shulrg 2 lv dqwlflsdwhg1 Dv wkhuh
lv Ehuwudqg frpshwlwlrq iru wkh rog fxvwrphuv/ wkh lqfxpehqw edqn pdnhv }hur
surw rxw ri wklv wzr0shulrg uhodwlrqvkls zlwk jrrg rog eruurzhuv1 Edqnv duh
oldeoh iru wkhlu uvw shulrg orvv dv wkh| duh hqgrzhg zlwk htxlw|1 Wkh surw ri wkh
lqfxpehqw edqn } lq shulrg 2 kdv wr eh zhljkwhg zlwk wkh glvfrxqw idfwru B
￿ dqg
wkh suredelolw|  wkdw wkh edqn vxuylyhv=43

} '

R-
￿  U

n B
￿R

-
2}  U

'f +914,
zlwk -￿ ' U
R  B
￿E-2  U1 T1H1G1
43E @ 4
4.uE zkhuh uE lv wkh lqwhuhvw udwh iru wkh edqn1
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Hdfk pdqdjhu ri d qhz up kdv wr ghflgh derxw uhvwuxfwxulqj/ wkh lqglylgxdo up
lv ghqrwhg e| 1 Kh lqyhvwv lq uhvwuxfwxulqj li
^￿

f  -
2 ERc^

   ^
￿

f  -
2 ERc^

{^￿

f  -
2 ERc^

  +915,
Ghqh wkh fulwlfdo ydoxhv ri wkh uhvwuxfwxulqj frvwv 1
{^￿

f  -
2
￿ ERc^

' ￿ ERc^
{^￿

f  -
2
2

Rc^

' 2

Rc^

{^￿

f  -
2
￿

Rc^

' ￿

Rc^

{^￿

f  -
2
e

Rc^

' e

Rc^

Jlyhq wkh uhvxow ri Ohppd 4/ wkdw -2
￿ ERc^ 	- 2
2

Rc^

	- 2
￿

Rc^

	- 2
e

Rc^

/
wkh uhvwuxfwxulqj frvwv fdq eh udqnhg dv iroorzv= e

Rc^

	 ￿

Rc^

	 2

Rc^

	
￿ ERc^1 Ghshqglqj rq wkh uhvwuxfwxulqj frvwv wkhuh h{lvw wkuhh glhuhqw rxwfrphv
lq sxuh vwudwhjlhv=
+4, Li   e

Rc^

/ hdfk pdqdjhu kdv dq lqfhqwlyh wr uhvwuxfwxuh hyhq li
qr rwkhu up lqwhqgv wr uhvwuxfwxuh1 Dv doo qhz upv duh lghqwlfdo/
wkhuh h{lvwv d xqltxh htxloleulxp zkhuh doo qhz upv uhvwuxfwxuh1
+5,
+5d, Li e

Rc^

	 ￿

Rc^

/ hdfk pdqdjhu kdv dq lqfhqwlyh wr uh0
vwuxfwxuh surylghg wkh rog upv kdyh uhvwuxfwxuhg1 Wklv vkduh R lv
revhuydeoh iru wkh qhz up*v pdqdjhu ehiruh kh ghflghv rq uhvwuxfwxu0
lqj1 Dv d uhvxow/ wkhuh duh wzr htxloleuld1 Li wkh vkduh ri jrrg rog upv
lv kljk ER/ doo qhz upv uhvwuxfwxuh +htxloleulxp ,1 Li wkh vkduh ri
jrrg rog upv lv orz

R

/ qr qhz up uhvwuxfwxuhv +htxloleulxp 2,1
+5e, Li ￿

Rc^

	 2

Rc^

/ hdfk pdqdjhu kdv dq lqfhqwlyh wr uh0
vwuxfwxuh surylghg doo rwkhu qhz upv lqwhqg wr uhvwuxfwxuh1 Wkxv/ lq
htxloleulxp / doo qhz upv uhvwuxfwxuh1 Krzhyhu/ wkh pdqdjhu grhv
qrw kdyh dq lqfhqwlyh wr uhvwuxfwxuh li qr rwkhu qhz up lqwhqgv wr
uhvwuxfwxuh1 Wkxv/ lq htxloleulxp 2/ qr qhz up uhvwuxfwxuhv1
+5f, Li 2

Rc^

	 ￿ ERc^/ hdfk pdqdjhu kdv dq lqfhqwlyh wr uh0
vwuxfwxuh surylghg wkh rog upv kdyh uhvwuxfwxuhg dqg doo qhz upv
lqwhqg wr uhvwuxfwxuh1 Wkhuh duh wzr htxloleuld li wkh rog upv kdyh uh0
vwuxfwxuhg1 Hdfk pdqdjhu suhihuv wr uhvwuxfwxuh li doo rwkhu qhz upv
5:zdqw wr uhvwuxfwxuh1 Wkxv/ lq htxloleulxp / doo qhz upv uhvwuxfwxuh1
Krzhyhu/ li hdfk pdqdjhu h{shfwv wkdw qr rwkhu qhz up lqwhqgv wr
uhvwuxfwxuh/ kh grhv qrw uhvwuxfwxuh/ hlwkhu1 Wkxv/ lq htxloleulxp 2/q r
qhz up uhvwuxfwxuhv1
+6, Li ￿ ERc^ 	 / qr pdqdjhu kdv dq lqfhqwlyh wr uhvwuxfwxuh hyhq li doo
rwkhu upv lqwhqg wr uhvwuxfwxuh1 Dv doo upv duh lghqwlfdo/ wkhuh h{lvwv
d xqltxh htxloleulxp zkhuh qr up uhvwuxfwxuhv1 T1H1G1
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Zh zdqw wr vkrz wkdw ge

Rc^

	g 2

Rc^

	g ￿

Rc^

	g ￿ ERc^
Olnh iru wkh qhz upv zh fdq ghqh wkh fulwlfdo ydoxhv iru frvwv g/ zklfk ghwhuplqh
wkh uhvwuxfwxulqj ghflvlrq1
{R￿

f  -
￿ ERc^

n B
8 
f  -
2 ERc^

'E  n s￿ ' g￿
{R￿

f  -
￿ 
Rc^

n B
8 
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2 
Rc^

'E  n s2 ' g2
{R￿

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￿ 
Rc^

n B
8 
f  -
2 
Rc^

'E  n s￿ ' g￿
{R￿

f  -
￿ 
Rc^

n B
8 
f  -
2 
Rc^

'E  n se ' ge
Zlwk Ohppd  zh fdq vkrz wkdw g￿ ERc^ :g 2

Rc^

dqg g￿

Rc^

:g e

Rc^

1
g￿ ERc^  g2

Rc^

{R￿
3
E E
E
C
U
R

U
R
 ~} 
n
n

B
8  B
￿
 ~} 
n

-
2 
Rc^

 -
2 ERc^

 ~} 
n
4
F F
F
D
: f1
Wkxv g￿ ERc^ :g 2

Rc^

1
g￿

Rc^

 ge

Rc^

{R￿
3
E
E
E
C
U
R

U
R
 ~} 
n
n

B
8  B
￿
 ~} 
n

-
2 
Rc^

 -
2 
Rc^

 ~} 
n
4
F
F
F
D
: f1
Wkxv g￿

Rc^

:g e

Rc^

1
5;Wkh uhodwlrqvkls ri g2

Rc^

dqg g￿

Rc^

kdv wr eh lqvshfwhg pruh forvho|1
g2

Rc^

g￿

Rc^

'{ R￿
3
E E
E
C
U
R

U
R
 ~} 
3
n

B
8  B
￿
 ~} 
n

-
2 
Rc^

 -
2 
Rc^

 ~} 
n
4
F F
F
D
+916,
Lq ES zh vhh wkdw wkh srvlwlyh whup lv pxowlsolhg e|

B
8  B
￿
 1
Wkxv/ wkh uhvxow lv wkdw g￿

Rc^

:g 2

Rc^

dv wkh srvlwlyh whup ri d vxp 
-2 
Rc^

 -2 
Rc^

fdqqrw eh kljk hqrxjk wr frpshqvdwh iru wkh qhjdwlyh whup
r idv x p

U
R  U
R

1
Wkh kljkhvw glvfrxqw idfwru lv B
8 ' B
￿ ' 1 Wkhq
{R￿

U
R  U
R nE  

-2 
Rc^

 -2 
Rc^

'
{R￿U
E￿3￿￿EE￿3￿￿RRER3RnER￿3R￿n￿RRER23R2nRRER3R￿E￿32￿￿
RRERnE￿3￿￿RERnE￿3￿￿R 	 f iru   fD zkdw lv
sodxvleoh1
Hyhq zlwk wkhvh sdudphwhu ydoxhv wkh uhvxow lv wkdw g￿

Rc^

:g 2

Rc^

1 T1H1G1
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41 Frpsdulvrq ri fulwlfdo N dqg fulwlfdo F
Lq wkh dqdo|vlv deryh zh kdyh vkrzq wkdw
g￿ ERc^ :g ￿

Rc^

:g 2

Rc^

:g e

Rc^

dqg
￿ ERc^ : 2

Rc^

: ￿

Rc^

: e

Rc^

Frqfhuqlqj wkh frpsdulvrq ri N dqg F/ zh nqrz wkdw g, : , zlwk , '
c2cce1 Zh dvvxphg wkdw wkh qhw suhvhqw ydoxh ri rqh xqlw ri frvwv lqyhvwhg lv
kljkhu lq shulrg  wkdq lq shulrg 21 Pruh irupdoo|/ xvlqj {R￿ '{ ^￿=
g,
ns
 , '{ R￿


ns

f  -
￿
,

n B
8 
f  -
2
,

 E n s

f  -
2
,


: f
+917,
Wkh uhdvrq lv wkdw wkh sd|r lq wkh uvw shulrg lv kljkhu wkdq wkh sd|r lq
wkh vhfrqg shulrg Ef  -￿ : Ef  -2 dv -￿ 	- 21
Krzhyhu/ wkh glhuhqfh ehwzhhq g,  6c, 9' 6/ pljkw eh qhjdwlyh dv wkh
sd|r ri qhz upv* lqyhvwphqw lv kljkhu1 Khuh wklv frxog eh gxh wr d orzhu
5<uhsd|phqw/ -2
￿ ERc^ 	- 2
2

Rc^

1
g2

Rc^

 ￿ ERc^'
{R￿

￿
￿ns

f  -￿ 
Rc^

n B
8 
f  -2 
Rc^

E n sEf  -2 ERc^ 
 f
Qrz zh fdq frpsduh wkh glhuhqw olplwv iru wkh frvwv +
g,
￿ns dqg ,,/ zklfk
ghwhuplqh wkh uhvwuxfwxulqj ghflvlrqv1 Wkh pd{lpxp qxpehu ri lqwhudfwlrqv eh0
wzhhq wkh uhvwuxfwxulqj ghflvlrqv lq shulrg  dqg 2 rffxu li wkh uhvwuxfwxulqj frvwv
fdq eh udqnhg dv iroorzv=
g￿ERc^￿
￿ns : ￿ ERc^ :
g￿ERc^
￿ns :
g2ERc^
￿ns : 2

Rc^

: ￿

Rc^

:
geERc^
￿ns : e

Rc^

51 Ghwhuplqdwlrq ri htxloleuld
Ghshqglqj rq wkh uhvwuxfwxulqj frvwv zh fdq glvwlqjxlvk irxu glhuhqw rxw0
frphv lq sxuh vwudwhjlhv1 Wkh uhvxowlqj htxloleuld duh wkh vdph iru sdudphwhu
frqvwhoodwlrqv lq +e, dqg +g,1
+d, Wkhuh lv d xqltxh sxuh vwudwhj| vxejdph shuihfw htxloleulxp zkhuh doo
upv uhvwuxfwxuh1
+d4, Li   e

Rc^

/ wkh pdqdjhuv ri hdfk rog dqg ri hdfk qhz up kdyh
dq lqfhqwlyh wr uhvwuxfwxuh hyhq li qr rwkhu up lqwhqgv wr uhvwuxfwxuh1
Wkxv/ wkhuh h{lvwv d xqltxh sxuh vwudwhj| vxejdph shuihfw htxloleulxp
zkhuh rog dv zhoo dv qhz upv uhvwuxfwxuh1
+d5, Li e

Rc^

	
geERc^
￿ns / wkh pdqdjhu ri hdfk rog up kdv dq
lqfhqwlyh wr uhvwuxfwxuh hyhq li qr rwkhu up lqwhqgv wr uhvwuxfwxuh1
Dv d uhvxow/ doo rog upv uhvwuxfwxuh1 Wkh pdqdjhu ri hdfk qhz up
kdv dq lqfhqwlyh wr uhvwuxfwxuh rqo| li wkh rog upv kdyh uhvwuxfwxuhg1
Dv lw lv revhuydeoh iru wkh qhz upv* pdqdjhuv wkdw wkh rog upv kdyh
uhvwuxfwxuhg/ wkh qhz upv zloo dovr rsw iru uhvwuxfwxulqj1 Wkxv/ wkhuh
h{lvwv d xqltxh sxuh vwudwhj| vxejdph shuihfw htxloleulxp zkhuh doo
upv uhvwuxfwxuh1
+e, Wkhuh duh wzr sxuh vwudwhj| vxejdph shuihfw htxloleuld1
+e4, Li
geERc^
￿ns 	 ￿

Rc^

/ wkh pdqdjhu ri hdfk rog up kdv dq
lqfhqwlyh wr uhvwuxfwxuh li doo qhz upv lqwhqg wr uhvwuxfwxuh1 Wkh
pdqdjhu ri hdfk qhz up zdqwv wr uhvwuxfwxuh li wkh rog upv kdyh
uhvwuxfwxuhg1 Wkxv/ wkh pdqdjhu ri hdfk rog up uhvwuxfwxuhv dqg
wkh qhz upv kdyh dq lqfhqwlyh wr uhvwuxfwxuh/ wrr1 Lq htxloleulxp 4
63rog dv zhoo dv qhz upv uhvwuxfwxuh1 Krzhyhu/ qr pdqdjhu ri dq rog
up zdqwv wr uhvwuxfwxuh li qr qhz up lqwhqgv wr uhvwuxfwxuh1 Wkhq/
wkh pdqdjhuv ri qhz upv suhihu qrw wr uhvwuxfwxuh/ hlwkhu1 Wkxv/ lq
htxloleulxp 5/ qhlwkhu rog qru qhz upv uhvwuxfwxuh1
+e5, Li ￿

Rc^

	 2

Rc^

/ wkh pdqdjhuv ri hdfk rog dqg ri hdfk
qhz up kdyh dq lqfhqwlyh wr uhvwuxfwxuh li doo rwkhu qhz upv lqwhqg
wr uhvwuxfwxuh1 Lq htxloleulxp 4 rog dv zhoo dv qhz upv uhvwuxfwxuh1
Krzhyhu/ qhlwkhu d pdqdjhu ri dq rog qru ri d qhz up zdqwv wr
uhvwuxfwxuh li wkh qhz upv gr qrw lqwhqg wr uhvwuxfwxuh1 Lq htxloleulxp
5 qhlwkhu rog qru qhz upv uhvwuxfwxuh1
+e6, Li 2

Rc^

	
g2ERc^
￿ns / wkh pdqdjhu ri hdfk rog up kdv dq lqfhq0
wlyh wr uhvwuxfwxuh li wkh qhz upv lqwhqg wr uhvwuxfwxuh1 Wkh pdqdjhu
ri hdfk qhz up zdqwv wr uhvwuxfwxuh li rog upv kdyh uhvwuxfwxuhg
dqg doo rwkhu qhz upv lqwhqg wr uhvwuxfwxuh1 Wkhuhiruh/ doo rog upv
uhvwuxfwxuh li wkh qhz upv lqwhqg wr uhvwuxfwxuh1 Wkhq wkh qhz upv
kdyh dq lqfhqwlyh wr uhvwuxfwxuh/ wrr1 Lq htxloleulxp 4 rog dv zhoo dv
qhz upv uhvwuxfwxuh1 Krzhyhu/ qr pdqdjhu ri dq rog up zdqwv wr
uhvwuxfwxuh li wkh qhz upv gr qrw lqwhqg wr uhvwuxfwxuh1 Wkxv/ lq
htxloleulxp 2/ qhlwkhu rog qru qhz upv uhvwuxfwxuh1
+f, Wkhuh duh wkuhh sxuh vwudwhj| vxejdph shuihfw htxloleuld1
Li
g2ERc^
￿ns 	
g￿ERc^
￿ns / wkh pdqdjhu ri hdfk rog up kdv dq lqfhqwlyh
wr uhvwuxfwxuh li doo rwkhu rog upv lqwhqg wr uhvwuxfwxuh1 Wkh pdqdjhu
ri hdfk qhz up zdqwv wr uhvwuxfwxuh li doo rwkhu qhz upv lqwhqg wr
uhvwuxfwxuh dqg li wkh rog upv kdyh uhvwuxfwxuhg1 Wkxv/ lq htxloleulxp
4/ rog dv zhoo dv qhz upv uhvwuxfwxuh1 Krzhyhu/ qr pdqdjhu ri d qhz
up uhvwuxfwxuhv li qr rwkhu qhz up lqwhqgv wr uhvwuxfwxuh1 Wkhuhiruh/
lq htxloleulxp 5/ rog upv uhvwuxfwxuh exw qhz upv grq*w1 Ilqdoo|/
qr pdqdjhu ri dq rog up lqwhqgv wr uhvwuxfwxuh li qr rwkhu rog up
uhvwuxfwxuhv1 Dv d frqvhtxhqfh/ wkh pdqdjhuv ri qhz upv gr qrw zdqw
wr uhvwuxfwxuh/ hlwkhu1 Wkxv/ lq htxloleulxp 6/ qhlwkhu rog qru qhz upv
uhvwuxfwxuh1
+g, Wkhuh duh wzr sxuh vwudwhj| vxejdph shuihfw htxloleuld1
Li
g￿ERc^
￿ns 	 ￿ ERc^/ wkh pdqdjhuv ri hdfk rog up dqg ri hdfk
qhz up kdyh dq lqfhqwlyh wr uhvwuxfwxuh li doo rwkhu rog dqg qhz upv
lqwhqg wr uhvwuxfwxuh1 Wkxv/ lq htxloleulxp 4/ rog dv zhoo dv qhz upv
uhvwuxfwxuh1 Krzhyhu/ qhlwkhu wkh pdqdjhu ri dq rog qru ri d qhz
up zdqwv wr uhvwuxfwxuh li hlwkhu qr rwkhu rog ru qr rwkhu qhz up
64lqwhqgv wr uhvwuxfwxuh1 Wkxv/ lq htxloleulxp 5/ qhlwkhu rog qru qhz
upv uhvwuxfwxuh1
+h, Wkhuh lv d xqltxh sxuh vwudwhj| vxejdph shuihfw htxloleulxp zkhuh qr
up uhvwuxfwxuhv1
+h4, ￿ ERc^ 	
g￿ERc^￿
￿ns / hdfk pdqdjhu ri dq rog up kdv dq lqfhqwlyh
wr uhvwuxfwxuh li doo rwkhu rog dqg qhz upv lqwhqg wr uhvwuxfwxuh1
Krzhyhu/ qr pdqdjhu ri d qhz up zdqwv wr uhvwuxfwxuh/ hyhq li doo
rwkhu rog dqg qhz upv uhvwuxfwxuh1 Wkxv/ wkhuh h{lvwv d xqltxh sxuh
vwudwhj| vxejdph shuihfw htxloleulxp zkhuh qr up uhvwuxfwxuhv1
+h5, Li
g￿ERc^￿
￿ns 	 / qhlwkhu wkh pdqdjhu ri dq rog up qru ri d qhz up
hyhu zdqw wr uhvwuxfwxuh hyhq li doo rwkhu rog dqg qhz upv uhvwuxfwxuh1
Wkxv/ wkhuh h{lvwv d xqltxh sxuh vwudwhj| vxejdph shuihfw htxloleulxp
zkhuh qr up uhvwuxfwxuhv1 T1H1G1
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{^￿

f  -
2 ERc^

  +815,
Iru hdfk lqwhuhvw udwh wkh OKV ghwhuplqhv wkh uhvwuxfwxulqj ghflvlrq1 Frp0
sdudwlyh vwdwlfv vkrz wkdw
Y d{^￿ Ef  -2 ERc^o
Y
'{ ^￿

U
>RE  ^ n >^  >R
EE  >^ nE  >R
2

	 f +918,
Wkh ghqrplqdwru lv srvlwlyh1 Wkh qrplqdwru lv srvlwlyh ehfdxvh > 'f D dqg
Rc^	cRc^	  dqg wkhuhiruh E  fD^  fDR : f iru doo frpelqdwlrqv ri R dqg
^1
Wr vkrz wkh hhfw ri d fkdqjh ri  rq wkh lqwhuphgldwh frvw udqjh zkhuh
pxowlsoh htxloleuld rffxu zh frpsduh
Y￿￿
Y￿  Y￿e
Y￿ '
k
{^￿

U
>RE￿3^n>^3>R￿
EE￿3>￿^nE￿3￿￿>R￿
2
l


{^￿

U
>RE￿3^n>^3>R￿
EE￿3>￿^nE￿3￿￿>R
2

'
{^￿

U
f￿2DE23￿￿2RRER3R
Ef￿D^nE￿3￿￿f￿DR￿2Ef￿D^nE￿3￿￿f￿DR
2

: f
Wkxv/ li  lqfuhdvhv/ wkh lqwhuphgldwh udqjh lqfuhdvhv dv ￿ ghfuhdvhv e| ohvv
wkdq e1L i ghfuhdvhv/ wkh lqwhuphgldwh udqjh ghfuhdvhv dv ￿ lqfuhdvhv e| ohvv
wkdq e1 T1H1G1
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Iru rog upv wkh ghulydwlyh ri wkh ehqhwv ri uhvwuxfwxulqj zlwk uhvshfw wr wkh
ghjuhh ri edqn vroyhqf|  lv=
Y

{R￿

f  U
R n B
￿E-2 ERc^  UnB
8 Ef  -2 ERc^

Y
'
{R￿
3
E E
CB
￿ 
-
2  U

 ~} 
n
n

B
￿  B
8

Y E-2ERc^
Y

 ~} 
3
4
F F
D j f +919,
Jhqhudoo|/ wkh hhfw ri edqn lqvroyhqf| lv dpeljxrxv1 Krzhyhu/ iru B
￿ ' B
8/
zkhq edqnv dqg upv kdyh wkh vdph udwh ri wlph suhihuhqfh/ zh qg wkdw wkh
ghulydwlyh lv U
E￿3>￿^E￿3^n>^3>R￿
EE￿3>￿^nE￿3￿￿>R￿
2 : f1 T1H1G1
91<1 Surri ri Sursrvlwlrq :
+4, Vxssrvh wkhuh lv frruglqdwlrq lq hdfk shulrg1 Wkhq wkhuh h{lvw wzr glhuhqw
rxwfrphv ghshqglqj rq wkh uhvwuxfwxulqj frvwv=
+L, Wkhuh lv d xqltxh sxuh vwudwhj| vxejdph shuihfw htxloleulxp zkhuh doo upv
uhvwuxfwxuh li   ￿ ERc^1
+LL, Wkhuh lv d xqltxh sxuh vwudwhj| vxejdph shuihfw htxloleulxp zkhuh qr
up uhvwuxfwxuhv li : ￿ ERc^1
Qrz vxssrvh wkdw : ￿ ERc^n0 +lq htxloleulxp qhlwkhu rog qru qhz upv
uhvwuxfwxuh, dqg wkdw wkh suredelolw| ri edqn lqvroyhqf| lqfuhdvhv1 Dffruglqjo|
wkh uhsd|phqw lq wkh vhfrqg shulrg -2 ghfuhdvhv dqg  ' ￿ ERc^1 Wkhq wkh
pdqdjhuv ri hdfk rog up dqg ri hdfk qhz up kdyh dq lqfhqwlyh wr uhvwuxfwxuh
li doo rwkhu rog dqg qhz upv lqwhqg wr uhvwuxfwxuh1 Dv wkhuh lv frruglqdwlrq rog
dv zhoo dv qhz upv uhvwuxfwxuh1
+5, Vxssrvh wkhuh qr frruglqdwlrq lq dq| shulrg1 Wkhq wkhuh h{lvw wzr glhuhqw
rxwfrphv ghshqglqj rq wkh uhvwuxfwxulqj frvwv=
+L, Wkhuh lv d xqltxh sxuh vwudwhj| vxejdph shuihfw htxloleulxp zkhuh doo upv
uhvwuxfwxuh li  
geERc^
￿ns 1
+LL, Wkhuh lv d xqltxh sxuh vwudwhj| vxejdph shuihfw htxloleulxp zkhuh qr
up uhvwuxfwxuhv li :
geERc^
￿ns 1
Qrz vxssrvh wkdw  '
geERc^
￿ns +lq htxloleulxp rog dv zhoo dv qhz upv uh0
vwuxfwxuh, dqg wkdw wkh suredelolw| ri edqn lqvroyhqf| lqfuhdvhv1 Dffruglqjo| wkh
uhsd|phqw lq wkh vhfrqg shulrg -2 ghfuhdvhv dqg wkh uhsd|phqw lq wkh uvw shulrg
66lqfuhdvhv -￿ vxfk wkdw :
geERc^
￿ns 1 Wkhq wkh pdqdjhu ri hdfk rog up kdv dq
lqfhqwlyh wr uhvwuxfwxuh li doo qhz upv lqwhqg wr uhvwuxfwxuh1 Wkh pdqdjhu ri
hdfk qhz up zdqwv wr uhvwuxfwxuh li wkh rog upv kdyh uhvwuxfwxuhg1 Krzhyhu/
dv wkhuh lv qr frruglqdwlrq/ qr pdqdjhu ri dq rog up zdqwv wr uhvwuxfwxuh li qr
qhz up lqwhqgv wr uhvwuxfwxuh1 Wkhq/ wkh pdqdjhuv ri qhz upv suhihu qrw wr
uhvwuxfwxuh/ hlwkhu1 Wkxv lq htxloleulxp qhlwkhu rog qru qhz upv uhvwuxfwxuh1
T1H1G1
67:1 Uhihuhqfhv
Dqghuvrq/ U1Z1 dqg Fk1 Nhjhov/ 4<<;/ Wudqvlwlrq Edqnlqj= Ilqdqfldo Ghyhors0
phqw ri Fhqwudo dqg Hdvwhuq Hxursh +R{irug Xqlyhuvlw| Suhvv/ R{irug dqg Qhz
\run,1
Eorpphvwhlq/ K1M1/ 4<<:/ Wudqvirupdwlrq ri wkh Edqnlqj Vhfwru lq Fhqwudo dqg
Hdvwhuq Hxursh 0 Srolf| Dvvhvvphqw dqg Qh{w Vwhsv/ lq= RHFG Surfhhglqjv/ Wkh
Qhz Edqnlqj Odqgvfdsh lq Fhqwudo dqg Hdvwhuq Hxursh= Frxqwu| H{shulhqfh dqg
Srolflhv iru wkh Ixwxuh +RHFG/ Sdulv, 4: 0 751
Erqlq/ M1S1/ N1 Plv}hl/ L1S1 V}ìnho| dqg S1 Zdfkwho/ 4<<;/ Edqnlqj lq Wudqvl0
wlrq Hfrqrplhv= Ghyhorslqj Pdunhw Rulhqwhg Edqnlqj Vhfwruv lq Hdvwhuq Hxursh
+Hgzdug Hojdu/ Fkhowhqkdp dqg Qruwkdpswrq,1
Eurhfnhu/ W1/ 4<<3/ Fuhglw0Zruwklqhvv Whvwv dqg Lqwhuedqn Frpshwlwlrq/ Hfrqr0
phwulfd 8;/ 75< 0 7851
Fdsulr/ J1 Mu1 dqg G1 Nolqjhelho/ 4<<:/ Edqn Lqvroyhqf|= Edg Oxfn/ Edg
Srolf|/ ru Edg EdqnlqjB/ lq= P1 Euxqr dqg E1 Sohvnrylf/ hgv1/ Dqqxdo Zruog Edqn
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